— Item 1036 ?Mark | =g 7 i‘ = v | ¢

w2 = Question Id: 1324 Previous  MNext Tutorial  Lab Values Motes Calculator  ReverseColor 1.4 700m
. 3
. 4 In a series of animal experiments, the insulin concentration in the pancreatic veins is measured after the administration of various agents.
. 5 Epinephrine administration is found to cause a decrease in insulin levels. However, after pretreatment with Drug A, epinephrine injection causes a
6 paradoxical increase in insulin conceniration. Which of the following receptors does Drug A most likely block?
. 7
Z A Alpha-2 adrenergic receptors
.9 () B. Beta-2 adrenergic receptors
. 10 oy : )
| C. Glucagon-like peptide-1 receptors
11 ==
. 12 (: D Histamine HZ receptors
13 2 -
) E. Muscarinic M3 receptors
. 14 3
. 15
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. 3
. 4 In a series of animal experiments, the insulin concentration in the pancreatic veins is measured after the administration of various agents.
. 5 Epinephrine administration is found to cause a decrease in insulin levels. However, after pretreatment with Drug A, epinephrine injection causes a
6 paradoxical increase in insulin conceniration. Which of the following receptors does Drug A most likely block?
. Fi
Z v A Alpha-2 adrenergic receptors [41%]
- 8 B. Beta-Z2 adrenergic receptors [37%]
. 10
i C. Glucagon-like peptide-1 receptors [15%]
. 12 D. Histamine H2 receptors [0%]
12 E.  Muscarnic M3 receptors [1%)]
. 14
.« 15
16
.V e I 41% 4 Seconds 01/08/2019
18 iorrect G Answered commectly Time Spent Last Updated
. 14
. 20
. 21 Explanation
. 22
23 : .
% G protein-coupled receptors on pancreatic beta cells
. 25 . . .
Receptor G alpha subunit Insulin secretion
.« 26
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Pancreatic beta cell insulin secretion is influenced by serum glucose levels and other factors such as autonomic nervous system activity.
Parasympathetic stimulation of muscarinic M3 receptors promotes insulin secretion and is induced by the smell and/or sight of food. In contrast,
sympathetic stimulation is more complex, since both alpha-2 and beta-2 adrenergic receptors are present on pancreatic beta cells and exert
opposite effects. Stimulation of beta-2 receptors promotes insulin secretion while stimulation of alpha-2 receptors inhibits insulin release.
However, the alpha-2-mediated inhibitory effect is predominant, causing sympathetic stimulation to lead to overall inhibition of insulin secretion.
Likewise, epinephrine administration activates both alpha-2 and beta-2 receptors, but the overriding inhibitory effect results in decreased insulin
secretion. Following pretreatment with an alpha-2 receptor blocker (Drug A), epinephrine’s effect on beta-2 receptors would become dominant,
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resulting in increased insulin secretion.

Stimulation of beta-? adreneraic receptors results in increased insulin secretion; beta-2 receptor blockade would inhibit insulin
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. 4 Pancreatic beta cell insulin secretion is influenced by serum glucose levels and other factors such as autonomic nervous system activity.
. 5 Parasympathetic stimulation of muscarinic M3 receptors promotes insulin secretion and is induced by the smell and/or sight of food. In contrast,
5 sympathetic stimulation is more complex, since both alpha-2 and beta-2 adrenergic receptors are present on pancreatic beta cells and exert
. 7 opposite effects. Stimulation of beta-2 receptors promotes insulin secretion while stimulation of alpha-2 receptors inhibits insulin release.
. s However, the alpha-2-mediated inhibitery effect is predominant, causing sympathetic stimulation to lead to overall inhibition of insulin secretion.
. g Likewise, epinephrine administration activates both alpha-2 and beta-2 receptors, but the overriding inhibitory effect results in decreased insulin
. 10 secretion. Following pretreatment with an alpha-2 receptor blocker (Drug A), epinephrine’s effect on beta-2 receptors would become dominant,
iiif resulting in increased insulin secretion.
. 12 (Choice B) Stimulation of beta-2 adrenergic receptors results in increased insulin secretion; beta-2 receptor blockade would inhibit insulin
13 release.
b (Choice C) Glucagon-like peptide-1 (GLP-1) is an incretin hormone secreted by the intestinal L cells in response to food and acts on receptors
x 13 found on pancreatic beta cells to potentiate glucose-induced insulin release. Blocking GLP-1 receptors reduces insulin release. GLP-1 receptor
da agonists (eg, exenatide, liraglutide) are commonly used to treat type 2 diabetes mellitus.
17
= (Choice D) Histamine H2 receptor stimulation increases insulin secretion. Blocking these receptors would cause a decrease in insulin release.
. 19 (Choice E) Parasympathetic stimulation increases insulin secretion via M3 muscarinic receptors. Blocking these receptors would inhibit the
« 20 release of insulin.
5 & Educational objective:
A Alpha-2 adrenergic receptors inhibit insulin secretion, and beta-2 adrenergic recepiors stimulate insulin secretion. The alpha-2-mediated inhibitory
&3 effect is generally predominant, causing sympathetic stimulation to lead to overall inhibition of insulin secretion.
. 24
« 25
References
« 26
27
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A 42-year-old woman with Graves disease is hospitalized for elective total thyroidectomy. Her hyperthyroid symptoms have been controlled with
methimazole and propranclol, but she still has a goiter. The patient has no other medical problems. She undergoes total thyroidectomy without
any immediate operative complications and feels well the next day. Laboratory results are as follows:

Serum chemistry
Sodium 141 mEqg/L
Potassium 4.4 mEqg/L
Creatinine 0.8 mg/dL

Calcium 7.5 mg/dL

Preoperative electrolyte values were within normal limits. Which of the following medications should be started in this patient?

Alendronate

Calcitriol

Prednisone

A
B

) €. Cinacalcet
D
E Radioactive icdine
E

Sevelamer
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A 42-year-old woman with Graves disease is hospitalized for elective total thyroidectomy. Her hyperthyroid symptoms have been controlled with

methimazole and propranclol, but she still has a goiter. The patient has no other medical problems. She undergoes total thyroidectomy without

any immediate operative complications and feels well the next day. Laboratory results are as follows:

Serum chemistry
Sodium 141 mEqg/L
L Potassium 4.4 mEqg/L
11
= Creatinine 0.8 mg/dL
13 Calcium 7.5 mg/dL
i Preoperative electrolyte values were within normal limits. Which of the following medications should be started in this patient?
16 o
A Alendronate [5%]
17
18 " B. Calcitriol [66%5]
19 C. Cinacalcet [19%]
20
57 D. Prednisone [1%]
22 E. Radioactive iodine [2%]
23
F  Sevelamer [3%]

24
25
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i PTH, vitamin D & calcium axis
: Negative Negative
inhibition PTH release from g inhibition
parathyroid glands |

. 10 Bones Kidneys ——| 1 1,25-dihydroxyvitamin D
. 11
. 13
. 14 T Bone resorption T Calcium 1 Gl calcium &

i & calcium release reabsorption phosphorus absorption

16
A

18
- 19 T Circulating calcium
. 20
: 21 Gl = gastrointestinal; PTH = parathyroid hormone.
- 22 ©®UWorld

= The parathyroid glands are relatively small and indistinct and can be injured during thyroid surgery due to direct trauma, devascularization, or
At inadvertent removal. Transient or permanent postoperative hypoparathyroidism can occur following thyroidectomy and cause clinically
;7 significant hypocalcemia. Fatients may be asymptomatic initially but can develop paresthesias (of the lips, mouth, hands, and feet), muscle
A twitching, or cramps. Worsening hypocalcemia can lead to frismus or tetany with changes in mental status and generalized seizures. -
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. 4 The parathyroid glands are relatively small and indistinct and can be injured during thyroid surgery due to direct frauma, devascularzation, or
. 5 inadverient removal. Transient or permanent postoperative hypoparathyroidism can occur following thyroidectomy and cause clinically
5 significant hypocalcemia Fatients may be asymptomatic inifially but can develop paresthesias (of the lips, mouth, hands, and feet), muscle
. - fwitching, or cramps. Worsening hypocalcemia can lead to trismus or tetany with changes in mental status and generalized seizures.
. 8 Postoperative supplementation with oral calcium and vitamin D can be used to freat and prevent postoperative hypocalcemia. Caleitriol, the
- 9 active form of vitamin D, should be chosen over calcidiol as the conversion of calcidiol to calcitriol is dependent on parathyroid hormone, and
. 10 patients with hypoparathyroidism can have inadequate production of calcitriol.
11 : ; . At 2 : . .
(Choice A) Alendronate is a bisphosphonate that inhibits osteoclast function. Bisphosphonates can worsen hypocalcemia by decreasing the
S release of calcium from bone.
13
. 14 (Choice C) Cinacalcet is a calcimimetic that allosterically activates the calcium-sensing receptor in the parathyroid gland. decreasing parathyroid
. 15 hormone release. Cinacalcet is normally used for secondary hyperparathyroidism in patients on dialysis.
18 (Choice D) Glucocorticoids (eg, prednisoneg) can worsen hypocalcemia by decreasing expression of the vitamin D receptor.
(Choice E) The primary treatment modalities for Graves disease include antithyroid drugs (eg, methimazole), thyroidectomy, and radiciodine
ablation. This patient has undergone definitive treatment with thyroidectomy and has no indication for radiciodine therapy.
. 14
. 20 (Choice F) Sevelamer is a nonabsorbable phosphate-binding polymer that decreases absorption of phosphate in the gastrointestinal tract, and is
. 21 used to treat hyperphosphatemia in patients on dialysis. Calcium-based phosphate binders (eg, calcium carbonate, calcium acetate) frequently
. raise calcium levels, but sevelamer has a lesser effect on calcium and would not be adequate treatment for hypocalcemia.
23 Educational objective:
. 24 Postoperative hypoparathyroidism with resultant hypocalcemia is a common complication of thyroidectomy due to inadvertent injury or removal of
« 25 the parathyroid glands. Postoperative supplementation with oral calcium and vitamin D can be used to treat and prevent postoperative
.« 26 hypocalcemia.

Block Time Remaining: 00:00:08 Esa N - B
Feedback

Suspend End Block

217 PM

Y rome B




— Item 3 0f 36 v <] > ? Al =2 &

Question Id: 622 Previous  MNext Tutorial Lab Values Notes Calculator  Reverse Color

Text Zoom
. A 28-year-old woman comes to the office due to progressively worsening eye irmitation and double vision over the last 2 months. She also reports
. unintentional weight loss, mood swings, and palpitations. The patient has no prior medical problems and takes no medications. She has no
known drug allergies and does not use tobacco, alcohol, or illicit drugs. Blood pressure is 140/70 mm Hg, and pulse is 110/min and regular.

. Physical examination shows bilateral conjunctival redness and severe proptosis. Appropriate therapy is begun. On a follow-up visit 4 weeks later,
. her eye symptoms have improved, and examination reveals a small decrease in proptosis with no redness. The drug that improved her ocular
. symptoms most likely did so by affecting which of the following?
. 10 — : :

i () A Inflammatory infiltration
. 12 () B. lodine organification

12 \_‘ C. lodine uptake by the thyroid
. 14 B
T _\ D. Sympathetic hyperactivity

18 () E. T3/T4 release by the thyroid
. 17 .

18
. 20
21
. 22

23
. 24
« 25
.« 26
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. 4 A 28-year-old woman comes to the office due to progressively worsening eye irmitation and double vision over the last 2 months. She also reports
. 5 unintentional weight loss, mood swings, and palpitations. The patient has no prior medical problems and takes no medications. She has no
6 known drug allergies and does not use tobacco, alcohol, or illicit drugs. Blood pressure is 140/70 mm Hg, and pulse is 110/min and regular.

. 7 Physical examination shows bilateral conjunctival redness and severe proptosis. Appropriate therapy is begun. On a follow-up visit 4 weeks later,
. 8 her eye symptoms have improved, and examination reveals a small decrease in proptosis with no redness. The drug that improved her ocular
. a symptoms most likely did so by affecting which of the following?
. 10 : :

i v A Inflammatory infiltration [48%]
. 12 B. lodine organification [29%]

13 ; ;

C. lodine uptake by the thyroid [3%]

. 14
. 15 D. Sympathetic hyperactivity [8%]

da E. T3/T4 release by the thyroid [9%]
17

18
. 14 .
. 20 i) || 48% 3 Seconds 10/02/2018

21 ‘ior.ect bR Answered correcily Time Spent Last Updated
. 22

23
. 24 Explanation
« 25
.« 26
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(adipogenesis) proliferation synthesis
21
2= Expanded orbital
23 ©UWorld muscles & adipose tissue
24
= This patient has Graves disease with hyperthyroidism (weight loss, palpitations, tachycardia) and significant ophthalmopathy (proptosis,

diplopia). Graves disease is an autoimmune disorder triggered by thyrotropin receptor antibodies, which bind and activate the TSH receptor.
In addition to the thyroid, the TSH receptor is present on fibroblasts, adipocytes, and other cell types. Graves ophthalmopathy is caused by
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< 4
- This patient has Graves disease with hyperthyroidism (weight loss, palpitations, tachycardia) and significant ophthalmopathy (proptosis,

’ diplopia). Graves disease is an autoimmune disorder triggered by thyrotropin receptor antibodies, which bind and activate the TSH receptar.
e In addition to the thyroid, the TSH receptor is present on fibroblasts, adipocytes, and other cell types. Graves ophthalmopathy is caused by
: ? stimulation of orbital fibroblasts by thyrotropin receptor antibodies, which leads to excess deposition of extracellular glycosaminoglycans: this is
S accompanied by T-cell activation and inflammatory infiltration. The resultant expansion of extraocular muscles and retro-orbital tissues with the
¥ orbit displaces the globe forward, and dysfunction of the extraccular muscles causes restricted extraocular movements and diplopia.

10

iiif Glucocorticoids (eg, prednisone) decrease peripheral conversion of T4 to T3, but it is their anti-inflammatory effects that improve Graves

= ophthalmapathy. Glucocorticoids decrease the severity of inflammation and reduce the excess extraocular volume. They also can prevent

i warsening of ophthalmopathy induced by radioactive iodine treatment.

14 (Choices B, C, and E} Antithyroid drugs (eg, methimazole, propylthiouracil) inhibit thyroid peroxidase, leading to decreased iodine

15 arganification and coupling of iodotyrosines. Certain oxoanions (eg, perchlorate, pertechnetate) inhibit the sodium-iodide symporter and reduce

16 iodine uptake by the thyroid. These agents ulimately lead to reduced production and release of thyroid hormone but do not alter the inflammatory

17 process in Graves ophthalmopathy.

18 (Choice D) Sympathetic activation secondary to hyperthyroidism is responsible for a number of symptoms, including palpitations and tremors.

19 Beta blockers can provide rapid symptomatic relief while awaiting definitive therapy. Although lid lag (which is seen in hyperthyroidism of any

20 cause) would improve with beta blockers, the specific features of Graves ophthalmopathy (eg, diplopia, proptosis) would not be affected.

21

5 Educational objective:

Graves ophthalmopathy is caused by stimulation of arbital fibroblasts by thyrotropin receptor antibodies and cytokines released by activated T-

= cells. Excess deposition of extracellular glycosaminoglycans and inflammatory infiltration lead to expansion of extraoccular muscles and retro-

2 orbital tissues. Glucocorticoids improve Graves ophthalmopathy by decreasing the severity of inflammation and reducing the excess extraocular

25

volume.

Block Time Remaining: 00:00:11 Esa N - B
Feedback

TUTOR Suspend End Block

21

- - 8 PM
TS . £ w20 g




%X Settings
1 S __ item 4 0f 36 = B ? & = v
. 2 == Question Id: 167 ?Ma"‘ Previous Next Tutorial  LabValues  Notes  Calculator ReverseColor -

A 56-year-old man comes to the emergency department with severe right foot pain. The pain began acutely, and there i1s no history of recent
frauma. The patient has associated redness and swelling but no fever. He has had no similar symptoms in the past. Past medical history is
significant for mixed hyperlipidemia treated with lifestyle modifications and several medications. Physical examination shows a swollen, tender
first metatarsophalangeal joint. Aspiration reveals a high leukocyte count, negative Gram stain, and numerous needle-shaped negatively
birefringent crystals. Which of the following drugs is most likely to have precipitated this patient's condition?
— " A Atorvastatin
11 ) B. Cholestyramine
e ") C. Ezetimibe
13 -
. 14 _: D. Gemfibrozil
= 13 /‘ E. Niacin
16
. 17
. | submit |
. 14
. 20
21
. 23
23
. 24
. 25
.« 26
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A 56-year-old man comes to the emergency department with severe right foot pain. The pain began acutely, and there i1s no history of recent
frauma. The patient has associated redness and swelling but no fever. He has had no similar symptoms in the past. Past medical history is
significant for mixed hyperlipidemia treated with lifestyle modifications and several medications. Physical examination shows a swollen, tender
first metatarsophalangeal joint. Aspiration reveals a high leukocyte count, negative Gram stain, and numerous needle-shaped negatively
birefringent crystals. Which of the following drugs is most likely to have precipitated this patient's condition?
= A Atorvastatin [9%]
11 B. Cholestyramine [15%]
. 12 S
C. Ezetimibe [7%]
13
. 14 D.  Gemfibrozil [19%]
» 15 v E. Niacin [47%)]
16
. 17
18
. 19 Omitted . ||| 47% 3 Seconds 02/06/2019
. 20 E[’"Eﬁ ElLELES Answered comectly Time Spent Last Updated
. 21
. 23
23 Explanation
. 24
— This patient has an acute flare of gouty arthnitis likely due to treatment with niacin (nicotinic acid). MNiacin improves hyperlipidemia by decreasing
= hepatic synthesis of triglycendes and VLDL and reducing clearance of HDL. [t is the most effective agent for raising HDL levels; however, as it
has not been shown to reduce the risk of cardiac events it is primarily used in patients who have failed other lipid-lowering drugs.
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. 5
. Explanation

. Fi
= 8 This patient has an acute flare of gouty arthritis likely due to treatment with niacin (nicotinic acid). Niacin improves hyperlipidemia by decreasing
9 hepatic synthesis of triglycerides and VLDL and reducing clearance of HDL. [t is the most effective agent for raising HDL levels; however, as it
» 10 has not been shown to reduce the risk of cardiac events, it is primarily used in patients who have failed other lipid-lowering drugs.

11

s The use of niacin is limited by several significant side effects, including flushing, hyperglycemia, and hepatotoxicity. In addition, niacin can
' i3 decrease renal excretion of uric acid, leading to elevated blood levels and an increased risk for acute gouty arthritis.
. 14 (Choice A) The major side effects of statins include hepatitis and myalgias.
» 15 (Choice B) The main side effects of bile acid-binding resins {eg, cholestyramine) are gastrointestinal upset, impaired absorption of nutrients and

16 drugs, and hypertriglyceridemia.
. 17

= (Choice C) Ezetimibe selectively inhibits intestinal absorption of cholesterol. 1t is primarily used in conjunction with statin therapy for the

= treatment of hypercholesterolemia. However, ezetimibe can increase the hepatoxicity seen with statins.
. 20 (Choice D) Fibric acid denvatives (eq, gemfibrozil, fenofibrate) are used to lower triglycerides. Fibrates can cause severe myopathy when given
. 21 with statins and can increase the risk of cholesterol gallstones.
Gss Educational objective:

23 MNiacin decreases hepatic synthesis of triglycerides and VLDL and reduces clearance of HDL. Niacin can decrease renal excretion of uric acid,
. 24 precipitating acute gouty arthritis.
. 25

Copyright © L'World. All rights reserved
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ED"EU EHLTelos Answered comecily “ Time Spent E-E Last Updated =
. 5
. Explanation

. Fi
= 8 This patient has an acute flare of gouty arthritis likely due to treatment with niacin (nicotinic acid). Niacin improves hyperlipidemia by decreasing
9 hepatic synthesis of triglycerides and VLDL and reducing clearance of HDL. [t is the most effective agent for raising HDL levels; however, as it
» 10 has not been shown to reduce the risk of cardiac events, it is primarily used in patients who have failed other lipid-lowering drugs.

11

s The use of niacin is limited by several significant side effects, including flushing, hyperglycemia, and hepatotoxicity. In addition, niacin can
' i3 decrease renal excretion of uric acid, leading to elevated blood levels and an increased risk for acute gouty arthritis.
. 14 (Choice A) The major side effects of statins include hepatitis and myalgias.
» 15 (Choice B) The main side effects of bile acid-binding resins {eg, cholestyramine) are gastrointestinal upset, impaired absorption of nutrients and

16 drugs, and hypertriglyceridemia.
. 17

= (Choice C) Ezetimibe selectively inhibits intestinal absorption of cholesterol. 1t is primarily used in conjunction with statin therapy for the

= treatment of hypercholesterolemia. However, ezetimibe can increase the hepatoxicity seen with statins.
. 20 (Choice D) Fibric acid denvatives (eq, gemfibrozil, fenofibrate) are used to lower triglycerides. Fibrates can cause severe myopathy when given
. 21 with statins and can increase the risk of cholesterol gallstones.
Gss Educational objective:

23 MNiacin decreases hepatic synthesis of triglycerides and VLDL and reduces clearance of HDL. Niacin can decrease renal excretion of uric acid,
. 24 precipitating acute gouty arthritis.
. 25
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A 32-year-old previously healthy woman comes to the office due to several weeks of anxiety, palpitations, excessive sweating, and thinning hair.
The symptoms have progressively worsened and interfered significantly with her daily activities. The patient does not use tobacco, alcohol, or
illicit drugs. Blood pressure is 130/70 mm Hg and pulse is 104/min. On physical examination, there is lid lag, moderate exophthalmos, and fine
tremors of the outstretched hands. After the diagnosis is made, she is prescribed propranolol for immediate symptom control. Which of the
following findings is most likely to persist in this patient despite this therapy?
G () A Anxiety
11 ) B. Diaphoresis
e ") C. Exophthalmos
13 -
. 14 _: D. Hand tremor
= 13 /‘ E. Heatintolerance
16 =
. 17 & F. Palpitations
18
. 14
21
. 23
23
. 24
. 25
.« 26
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A 32-year-old previously healthy woman comes to the office due to several weeks of anxiety, palpitations, excessive sweating, and thinning hair.
The symptoms have progressively worsened and interfered significantly with her daily activities. The patient does not use tobacco, alcohol, or
illicit drugs. Blood pressure is 130/70 mm Hg and pulse is 104/min. On physical examination, there is lid lag, moderate exophthalmos, and fine
tremors of the outstretched hands. After the diagnosis is made, she is prescribed propranolol for immediate symptom control. Which of the
following findings is most likely to persist in this patient despite this therapy?
1 0,
G A Anxiety [3%]
11 B. Diaphoresis [6%]
e v | C Exophthalmos [84%]
13
. 14 D. Hand tremor [2%]
13 E. Heat intolerance [2%)]
16
. 17 F.  Palpitations [0%]
18
. 14
. 20 Omitted :
- ||| 84% 3 Seconds 10/29/2018
- 21 Correct answer Answered comectly Time Spent Last Updated
. 23 €
23
.« 24 Explanation
. 25
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General manifestations of hyperthyroidism
« Anxiety & insomnia
« Palpitations
Symptoms « Heat intolerance
« Increased perspiration
T « Weight loss without decreased appetite
11 = Goiter
. 12 = Hyperiension
13 « Tremaors involving fingers/hands
. 14 Physical examination « Hypemreflexia
.15 = Proximal muscle weakness
16 « Lidlag
. 17 « Atrial fibrillation
i Graves disease is an autoimmune disorder characterized by autoantibodies that bind to and activate the TSH receptor (thyrotropin receptor
19 antibodies [TRAD]). In the thyroid. TRAD triggers release of thyroid hormones, leading to thyrotoxicosis. Hyperthyroidism causes increased
i =h expression of beta-adrenergic receptors in various aorgans, and the subsequent hyperadrenergic state can result in hypertension, tremor, heat
- 2 intolerance, palpitations/tachycardia, and hyperreflexia (Choices D, E, and F). Patients with Graves disease are frequently given beta-adrenergic
. 22 blocking medications (eg, propranolol) to cantrol these manifestations while awaiting definitive management.
23
% TSH receptors are also present on fibroblasts, adipocytes, and other tissues. Graves ophthalmopathy results from stimulation of orbital
: 5 fibroblasts and adipocytes by TRAb and activated T cells. The fibroblasts secrete excess amounts of glycosaminoglycans, leading to expansion of
’ the ground substance of retro-orbital tissues. This, along with excess adipose deposition, displaces the globe forward (exophthalmos) and leads
fo restricted movement of the extraocular muscles (eg, diplopia) These manifestations are not mediated by thyroid hormone or adrenergic

Block Time Remaining: 00:00:17 Esa N - B
Feedback

Suspend End Block

215 PM

Y o0 B




1 H _ item50f36 ab = B ? & > vV g:A &
= Question Id: 1945 BV Mark  provious  Next Tutorial Lab Values Notes Calculator  Reverse Color -
Graves disease is an autoimmune disorder characterized by autoantibodies that bind to and activate the TSH receptor (thyrotropin receptor
antibodies [TRAD]). In the thyroid. TRAD triggers release of thyroid hormones, leading to thyrotoxicosis. Hyperthyroidism causes increased
” expression of beta-adrenergic receptors in various organs, and the subsequent hyperadrenergic state can result in hypertension. tremor, heat
; intolerance, palpitations/tachycardia, and hyperreflexia (Choices D, E, and F). Patients with Graves disease are frequently given beta-adrenergic
’ blocking medications (eg, propranclol) to control these manifestations while awaiting definitive management.
. 8
. a T5H receptors are also present on fibroblasts, adipocytes, and other tissues. Graves ophthalmopathy results from stimulation of orbital
. 10 fibroblasts and adipocytes by TRAbD and activated T cells. The fibroblasts secrete excess amounts of glycosaminoglycans, leading to expansion of
11 the ground substance of retro-orbital tissues. This, along with excess adipose depositicn, displaces the globe forward (exophthalmos) and leads
. 12 to restricted movement of the extraocular muscles (eg, diplopia) These manifestations are not mediated by thyroid harmone or adrenergic
ia stimulation and do not respond to beta blockers. However, as they are immune mediated. the manifestations of Graves ophthalmopathy usually
o respond to glucocorticoid therapy.
« 15 (Choice A) Although beta blockers can cause fatigue and depressive symptoms, they help reduce fatigue and mood lability in patients with
16 Graves disease by ameliorating sympathetic overactivation. Beta blockers can alse help blunt the physical manifestations of anxiety.
= A {Choice B) Apocrine sweat glands are stimulated primarily by catecholamines; beta blockers can reduce secretory activity. By contrast, eccrine
48 sweat glands are directly innervated by cholinergic fibers. However, centrally acting beta blockers (eg, propranolol) can modulate eccrine activity
- 19 and reduce emotionally driven (eg, anxiety) stimulation of eccrine sweating.
. 20
57 Educational objective:
5 Hyperthyroidism causes a hyperadrenergic state characterized by hypertension, palpitations/tachycardia, sweating, heat intolerance, tremor. and
o3 hyperreflexia. Beta blockers can relieve these symptoms. Exophthalmos in Graves disease is due to an immune-mediated increase in orbital soft
= tissue mass and does not improve with beta blockers.
. 25
. 25 References

Block Time Remaining: 00:00:17

@ Feedback Suspend End Block

215 PM

Y o0 B




E =5 >
LX Settings

5 4 S — Item 50f36 = =] P ? Al =2 ' 4 " O
. 2 = Question Id: 1945 Mark  previous  Next Tutorial  Lab Values Notes Calculator  ReverseColor o700
. 3
L Exhibit Display
Pathogenesis of Graves ophthalmopathy
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. 3
. 4 A 28-year-old woman is treated with high-dose prednisone for severe lupus nephritis. Several hours after therapy is initiated, she becomes very
. 5 agitated and delusional. Blood pressure is 130/70 mm Hg and heart rate is 110/min. A basic metabolic profile, complete blood cell (CBC) count,
and urinalysis are obtained. The CBC differential is expected to show an increase in which of the following as a result of this patient's therapy?

N 3 A Basophils
.9 () B. Eosinophils
. 10 -

ii ) C. Lymphocytes
. 12 (: D. Monocytes

12 () E. Neutrophils
. 14
. 15

16

18
. 14
. 20
21
. 23

23
. 24
. 25
.« 26

Block Time Remaining: 00:00:18

@ Feedback Suspend End Block

219PM

Y om0 B




Item 6 of 36 v <] e ? Al =2

Question Id: 549 Previous MNext Tutorial Lab Values MNotes Calculator
A 28-year-old woman is treated with high-dose prednisone for severe lupus nephritis. Several hours after therapy is initiated, she becomes very
agitated and delusional. Blood pressure is 130/70 mm Hg and heart rate is 110/min. A basic metabolic profile, complete blood cell (CBC) count,

and urinalysis are obtained. The CBC differential is expected to show an increase in which of the following as a result of this patient's therapy?

A Basophils [5%]

B. Eosinophils [16%]
C. Lymphocytes [13%)]
D Monocytes [8%]

=

Neutrophils [57%]
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Omittec Iy 57% 3 Seconds 01/11/2019
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Explanation

Side effects of corticosteroids

) « (Central obesity, buffalo hump
Skin/MSK « Skin atrophy, bruisability ( | collagen & fibroblasts)
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Side effects of corticosteroids

) + Central obesity, buffalo hump
Skin/MSK | « sSkin atrophy, bruisability ( | collagen & fibroblasts)
+ Proximal muscle weakness

8
2 Gl tract « Peptic ulcer, Gl bleed ( | prostaglandins)
10
1 « HPA axis suppression
= Endocrine | ¢ Hyperglycemia
13 * Hypogonadism
14 s QOsteoporosis ( } bone formation, | Ca/Phos absorption)
15
16 » Neutrophilia (neutrophil demargination)

15 Immune * |mmunosuppression
+ 1 Risk of infection

18

19

20 Nervous « Hypomania, psychosis

21 « Sleep disturbance

22 . _

23 Respiratory | e t Surfactant production

- Ca = calcium; Gl = gastrointestinal; HPA = hypothalamic-pituitary-adrenal; MSK = musculoskeletal;
25 Phos = phosphate.

26 ©UWorld
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Phos = phosphate. -
©UWorld
As a result of their immunosuppressive effects, corticosteroids such as prednisone have been used to treat many autoimmune and inflammatory
conditions, including systemic lupus erythematous. However, corticosteroid use can lead to a number of adverse effects. High doses can
sometimes cause corticosteroid-induced psychosis (confusion, hallucinations), as seen in this patient; hypoalbuminemia is a risk factor, and
. 8 the neuropsychiatric symptoms typically resolve with discontinuation of therapy.
. 9 : . . : : - ; . : ;
Corticosteroid receptors also have widespread physiclogic effects, including those on circulating leukocytes and vascular endothelial cells.
i Neutrophil counts increase following administration of the drug as a result of "demargination"” of neutraphils previously attached to the vessel
1 wall. Therefare, neutrophil recruitment to fight infection in tissues is decreased, potentially contributing to increased infection risk.
w12
13 (Choice A) Corticosteroids reduce basophil count, which decreases local inflammatory responses by preventing histamine release.
= 14 (Choice B) Eosinophil counts decrease significantly with administration of corticosteroids (an effect previously used as the basis for a bioassay
« 15 for corticosteroids). These drugs are used in allergic conditions as they reduce the eosinophil count and therefore the release of mediators from
16 the eosinophils.
. LF (Choice C) Corticosteroids reduce peripheral lymphocyte counts within minutes as a result of inhibition of immunoglobulin synthesis, stimulation
i of lymphocyte apoptosis, and lymphocyte redistribution (from the intravascular compartment to the spleen, lymph nodes, and bone marrow). T
19 lymphocyte counts are typically reduced to a greater degree than B lymphocyte counts.
. 20
G (Choice D) Corticosteroids inhibit peripheral extravasation of monocytes and macrophages and decrease anfigen presentation by macrophages
= and dendritic cells. Blood monocyte levels drop after corticostercid administration due to redistribution to lymphoid tissues.
23 Educational objective:
. 24 The acute effects of corticostercids on the white blood cell count include an increased neutrophil count and decreased lymphocyte, monocyte,
. 25 basophil, and eosinophil counts. The increase in the neutrophil count results from "demargination” of neutrophils previously attached to the vessel
. 25 wall.
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. 4 A 63-year-old man comes to the office for a follow-up visit. Two months ago. he was hospitalized for chest pain and was found to have a blockage
. 5 in the left anterior descending artery. He had percutaneous coronary intervention with placement of a drug-eluting stent, and was discharged on
. 6 appropriate medical therapy. His other medical problems include hypertension, type 2 diabetes mellitus, and degenerative joint disease. The
patient has been taking all his medications as prescribed. He has no chest pain but does have diffuse muscle aches and cramps, especially after

exercise. Physical examination is unremarkable. Laboratory testing reveals elevated serum creatine kinase. The medication most likely

. 8
. a responsible for this patient's current findings also causes which of the following effecis?
. 10 = - : :
i (_ ) A Decreased gastric mucosal prostaglandin synthesis
. 12 () B. Elevated plasma bradykinin level
13 \_';‘; C. Impaired potassium entry into cells
. 14 -
. 15 ( \ D Increased hepatocyte LDL receptor recycling
16 ‘\'_:; E. Increased renal calcium reabsorption
. 17 -
T ) F. Inhibition of hepatic gluconeogenesis
. 14
. 20

[
[

{1 SO S S . N S B S |
(= B B - P

i)
~d

Block Time Remaining: 00:00:21

I
(]

@ Feedback Suspend End Block

Z19PM
2200

A 85 2= )



Il
1

LX Settings

Bl L1 B W

L S R B . O o O N B T N = N Y S =~ S =T
B =~ h W ok W R O M E s th s W NS D

— Item 7 of 36

Question Id: 712 ?“a"‘ Previous Next Tutorlal LabValues  Notes  Calculator

A 63-year-old man comes to the office for a follow-up visit. Two months ago. he was hospitalized for chest pain and was found to have a blockage
in the left anterior descending artery. He had percutaneous coronary intervention with placement of a drug-eluting stent, and was discharged on
appropriate medical therapy. His other medical problems include hypertension, type 2 diabetes mellitus, and degenerative joint disease. The
patient has been taking all his medications as prescribed. He has no chest pain but does have diffuse muscle aches and cramps, especially after
exercise. Physical examination is unremarkable. Laboratory testing reveals elevated serum creatine kinase. The medication most likely
responsible for this patient's current findings also causes which of the following effecis?

Decreased gastric mucosal prostaglandin synthesis [3%]
Elevated plasma bradykinin level [6%]

Impaired potassium entry into cells [7%]

Increased hepatocyte LDL receptor recycling [64%]

Increased renal calcium reabsorption [4%]

mm o o ®w B

Inhibition of hepatic gluconeogenesis [13%]
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Explanation
. 4
' 3 This patient's symptoms are most likely due to statin-induced myopathy Statins are an effective treatment for hypercholesteremia and are now
= B routinely prescribed for all patients with symptomatic coronary artery disease, regardless of baseline cholesterol levels. Myopathy is the most
common complication of statin use, and symptoms can range from myalgia or myopathy, with or without myonecraosis (elevated serum creatine
. 8 kinase), to frank rhabdomyaolysis.
. 9
7= Statins act through competitive inhibition of HMG-CoA reductase, preventing conversion of HWG-CoA to mevalonic acid (the rate-limiting step in
' ii cholesteral biosynthesis). Decreased liver cholesterol synthesis leads fo increased hepatic clearance of LOL from the circulation by LDL
receptors. After mediating endocytosis of LDL particles, the LDL receptors are returned fo the cell surface for reuse (receptor recycling); LDL i1s
. 12 : : o : : . : :
digested and used for metabalic purposes. This increase in LDL receptor recycling allows infrahepatic cholestercl levels to remain at normal
12 levels while blood levels are kept low.
. 14
. 15 (Choice A) Nonsteroidal anti-inflammatory drugs inhibit cyclooxygenase (prostaglandin synthase), leading to decreased synthesis of gastric
15 mucosal prostaglandin.
. 17 (Choice B) Angiotensin-converting enzyme {ACE) inhibitors inhibit the conversion of angiotensin | to angiotensin Il. ACE also acts as a kininase,
18 and ACE inhibition also leads to increased plasma bradykinin levels.
. 19 = ; ! : 2 1 : = :
(Choice C) Stimulation of beta-2 receptors by catechclamines increases extracellular potassium movement into cells. This effect is blocked by
A beta-blockers (primarily non-selective agents such as propranolol or labetalal), which impair potassium entry into cells and cause minor elevations
21 in plasma potassium.
22
23 (Choice E) Thiazide diuretics increase calcium reabsorption in the distal tubule of the nephron and can lead to hypercalcemia. In contrast,
24 decreased calcium excretion is useful in patients with renal stones due to hypercalciuria.
. 25 (Choice F) Metformin inhibits hepatic gluconeogenesis via inhibition of the mitochondrial isoform of glycerophosphate dehydrogenase in the liver.
. 26 Typical side effects of metformin include gastrointestinal upset and diarrhea. Myopathy is not a common effect.
. 27 , FErTE——
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. 3 digested and used for metabaolic purposes. This increase in LDL receptor recycling allows infrahepatic cholestercl levels to remain at normal
. 4 levels while blood levels are kept low.
! 4 (Choice A) Nonsteroidal anti-inflammatory drugs inhibit cyclooxygenase (prostaglandin synthase), leading to decreased synthesis of gastric
. mucosal prostaglandin.
5 (Choice B) Angictensin-converting enzyme {ACE) inhibitors inhibit the conversion of angiotensin | to angiotensin Il. ACE also acts as a kininase,
5 and ACE inhibition also leads to increased plasma bradykinin levels.
. 10 (Choice C) Stimulation of beta-2 receptors by catecholamines increases extracellular potassium movement into cells. This effect is blocked by
11 beta-blockers (primarily non-selective agents such as propranolol or labetalol), which impair potassium entry into cells and cause minor elevations
. 12 in plasma potassium.
i (Choice E) Thiazide diuretics increase calcium reabsorption in the distal tubule of the nephron and can lead to hypercalcemia. In contrast,
it decreased calcium excretion is useful in patients with renal stones due to hypercalciuria.
. 15
= (Choice F) Metformin inhibits hepatic gluconeogenesis via inhibition of the mitochondrial isoform of glycerophosphate dehydrogenase in the liver.
= Typical side effects of metformin include gastrointestinal upset and diarrhea. Myopathy is not a common effect.
18 Educational objective:
. 10 Statins inhibit the intracellular rate-limiting step of cholesterol biosynthesis via competitive inhibition of HMG-CoA reductase. This leads to
. 20 enhanced hepatic LDL receptor recycling and increased LDL clearance from the circulation. Statin-induced myopathy (eg, myalgia, elevated
. 21 creatine kinase) is the most common complication of statin use.
o 23
23 References
- 24 ) ; L : e ; i :
5 = |Inhibitors of cholesterol biosynthesis increase hepatic low-density lipoprotein receptor protein degradation.
. 26 = The LDL receptor.
. 27

I
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. 4 A 45-year-old man comes to the physician for a routine check-up. Physical examination is within normal limits. His body mass index is 31 kg/m?.
: G Laboratory results are as follows:
6
7 Fasting blood glucose 134 ma/dL
— Serum creatinine 1.1 mg/dL

.9
. 10 Hemaoglobin A, 7 9% (Normal: =5 6%)

11
. 12 His urine is negative for glucose and ketones. The patient is diagnosed with type 2 diabetes mellitus. Which of the following treatment options

ia would most likely increase this patient's serum C-peptide level?
i ") A. Acarbose
. 15 -

16 ) B. Enalapril
» 17 ’ ) C. Glyburide

18 PR

19 D. Low-calorie diet
. 20 () E Metformin
21 -~ o

| F. Rosiglitazone

o 23

23
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. 3
. 4 A 45-year-old man comes to the physician for a routine check-up. Physical examination is within normal limits. His body mass index is 31 kg/m?.
: G Laboratory results are as follows:
6
7 Fasting blood glucose 134 ma/dL
— Serum creatinine 1.1 mg/dL
.9
. 10 Hemaoglobin A, 7 9% (Normal: =5 6%)
11
. 12 His urine is negative for glucose and ketones. The patient is diagnosed with type 2 diabetes mellitus. Which of the following treatment options
ia would most likely increase this patient's serum C-peptide level?
i A Acarbose [2%]
.« 15
16 B. Enalaprl [0%]
v 17 v C. Glyburide [68%]
18
. 19 D.  Low-calorie diet [2%]
. 20 E. Metformin [13%]
21
5 F.  Rosiglitazone [12%]
23
. 24
= 25 e Iy 68% 4 Seconds 01/05/2019
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4 Proinsulin to insulin
5
Disulfide
- bond
7 Cleavage

site

g
10 < Carboxyl

11 Cleavage Archain

12 site

13

14 C-peptide

15 ¥ :

16

17 |

% Beta cell peptidases remove C-peptide from
i proinsulin & generate mature insulin
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. 4
3 Beta cell peptidases remove C-peptide from

6 proinsulin & generate mature insulin
. 7

ER
.9
. 10
11
. 12
13
. 14
.« 15
16
A
18
w42 © UWorld
. 20
T Secretion of insulin declines over time in most patients with type 2 diabetes mellitus. Insulin is synthesized in pancreatic B-cells as preproinsulin,
5 which is guided by a signal pepfide into the rough endoplasmic reticulum (RER) during translation. The signal peptide is remaved shortly after
o3 synthesis, converting preproinsulin to proinsulin. Protein folding and disulfide bond formation take place as proinsulin traverses the RER.
o Proinsulin is then transported to the Golgi apparatus, where it is packaged with proteolytic enzymes into insulin secretory granules. Within these
granules, proinsulin is cleaved into mature insulin and C-peptide. C-peptide and insulin are then secreted from pancreatic B-cells in equimolar
s & concentrations, but unlike insulin, C-peptide does not underge significant first-pass metabolism by the liver. As a result, circulating levels of C-
= An peptide can be used as a marker of endogenous insulin secreting capacity. -
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£ o which is guided by a signal pepfide into the rough endoplasmic reticulum (RER) during translation. The signal peptide is removed shortly after =
= 4 synthesis, converting preproinsulin fo proinsulin.  Protein folding and disulfide bond formation take place as proinsulin traverses the RER.
! 5 Proinsulin is then transparted to the Golgl apparatus, where it is packaged with proteolytic enzymes into insulin secretory granules. Within these
6 granules, proinsulin is cleaved into mature insulin and C-peptide. C-peptide and insulin are then secreted from pancreatic B-cells in equimolar
. 7 concentrations, but unlike insulin, C-peptide does not undergo significant first-pass metabolism by the liver. As a result, circulating levels of C-
_ peptide can be used as a marker of endogenous insulin secreting capacity.
. 9 ; A : : : : : : . S : _
The 2 most impertant contributing factors in the pathophysiology of type 2 diabetes mellitus are insulin resistance and relative insulin deficiency.
. 10 ; ; : o : :
Several classes of oral antidiabetic medications are used for treating type 2 diabetes mellitus. Sulfonylureas (eg, glyburide) increase the insulin
1 secretion rate of residual pancreatic islet B-cells and reduce blood glucose levels in patients with type 2 diabetes mellitus. As a result, circulating
= C-peptide levels rise with sulfonylurea use.
13
. 14 (Choice A) Acarbose inhibits a-glucosidase in the intestinal brush border, impairing the hydrolysis of polymeric carbohydrates and leading to
it decreased postprandial glucose absorption. Acarbose may indirectly decrease endogenous insulin (and C-peptide) secretion by reducing
= postprandial hyperglycemia.
« 17 (Choice B) Angiotensin-converting-enzyme inhibitors (eg, enalapril) are renoprotective agents that decrease the progression of diabetic
18 nephropathy. However, they do not significantly affect endogenous insulin secretion.
= 19 {Choice D) Fasting and decreased caloric intake would decrease the rate of endogenous insulin secretion, reducing C-peptide levels.
. 20
. 21 (Choices E and F) Metformin and rosiglitazone do not have a direct effect on insulin secretion. They function mainly to reduce hepatic glucose
29 production and increase insulin sensitivity.
23 Educational objective:
. 24 Sulfonylureas and meglitinides improve blood glucose levels in patients with type 2 diabetes mellitus by increasing the secretion of insulin {(and C-
« 25 peptide)} from pancreatic B-cells. C-peptide is useful as a marker of endogenous B-cell insulin secretion.
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A 58-year-old man comes to the office for a follow-up visit. He was diagnosed with type 2 diabetes mellitus 10 years ago and has developed
diabetic neuropathy with a foot ulcer. Despite treatment with various oral anti-diabetic medications and dietary modification, his glycemic control is
suboptimal. The patient's BMI is 34 kg/m?®. His most recent hemoglobin Ay level is 10.8%. He is started on combination insulin therapy with
basal insulin given once at bedtime and bolus insulin given multiple imes a day with meals. The mealtime bolus insulin has reversed lysine and
proline residues at the C terminal end of the B chain. Which of the following curves most likely represents the pharmacokinetics of his mealtime

bolus insulin?

Plasma insulin levels
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3
4
5 Pharmacokinetic profiles of common insulin preparations
6
7 Aspart, lispro, glulisine
. 8
= ¢ s
>
a
. 10 c
11 E
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©
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15 e
16
17 L
18 0 24
19
20 ®UWorld
21 MNormal pancreatic insulin secretion is biphasic and includes:
= 1. Continuous low-level (basal) secretion that allows for steady-state peripheral glucose utilization between meals
&2 2. A postprandial insulin spike that facilitates rapid tissue uptake of circulating glucose shortly after eating
24
o To mimic normal physiology, many patients with diabetes are managed with combination "basal-bolus" insulin therapy. This uses a fixed dose of
Tz long-acting insulin given once daily and a variable dose of short-acting insulin given at meals.

Block Time Remaining: 00:00:33 4
TUTOR Suspend End Block

v - 2:21 PM
CERS . £ Awan 2 o



L o — Item 9 of 36 =] B ? Al
- 2 = Question Id: 11527 ?Ma’k Previous  MNext Tutorial  Lab Values Notes Calculator  ReverseColor o4 > o0
: 2 Mormal pancreatic insulin secretion is biphasic and includes: =
. 4
. 5 1. Continuous low-level (basal) secretion that allows for steady-state peripheral glucose utilization between meals
= 2 A postprandial insulin spike that facilitates rapid tissue uptake of circulating glucose shortly after eating
. 7 To mimic normal physiology, many patients with diabetes are managed with combination "basal-bolus" insulin therapy. This uses a fixed dose of
. 8 long-acting insulin given once daily and a variable dose of short-acting insulin given at meals.
_ Regular insulin can be used for mealtime bolus insulin but is not preferred. Regular insulin forms dimers due to hydrogen bonding between the

5 C termini of the B chains and can form hexamers in the presence of zinc ions. This causes a short delay in absorption of insulin following

i subcutaneous injection (Choice B), resulting in higher postprandial glucose levels and subsequent hypoglycemia as the insulin continues to be
L absorbed after glucose levels have returned to normal. Alteration of the amino acid structure at the C terminal of the insulin B chain can prevent

13 pelymerization and allow rapid absorption from the injection site. These insulin analogs (eq, lispro, aspart, glulisine) more closely replicate
. 14 physiologic insulin secretion and give better control of postprandial glucose with less risk of hypoglycemia.
. 15

7= In contrast, basal insulin should be absorbed slowly to prevent any peak effect. Older intermediate-acting insulins (eg, NPH, Lente) were made

i% by adding protamine and zinc to delay absorption from the injection site (Choice C). However. they still have a significant peak, which increases
’ the risk of hypoglycemia.

18
. 19 (Choices D and E) The newer long-acting insulin analogs, glargine and detemir, have a flatter and longer action profile. Glargine has amino acid
. 20 substitutions that make it less soluble at physiologic pH. causing it to precipitate at the injection site and be slowly released into the circulation.
. 21 Insulin detemir has a covalently bonded fatty acid, which promates self-aggregation and reversible binding to albumin, allowing for slow, sustained
. release.

23 Educational objective:
. 24 IMealtime insulin analogs (eg, ispro, aspart, glulisine) with amino acid substitution at the C terminal end of the B chain have a rapid onset and
« 25 offset of action, mimicking physiclogic postprandial insulin secretion. Long-acting basal insulins have a long, flat action profile.
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. 4 A 60-year-old man comes to the office with a 2-month history of low back pain that is unresponsive to over-the-counter analgesics. The painis
. 5 worse at night and interferes with his sleep. On examination, his lumbar vertebrae are tender to percussion, and the prostate is enlarged and
6 firm. After a thorough evaluation, leuprolide therapy is started. Which of the following changes in testosterone (green line) and
. 7 dihydrotestosterone (blue line) levels are most likely to occur in this patient after initiation of therapy?
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. 4 A 60-year-old man comes to the office with a 2-month history of low back pain that is unresponsive to over-the-counter analgesics. The painis
. 5 worse at night and interferes with his sleep. On examination, his lumbar vertebrae are tender to percussion, and the prostate is enlarged and
6 firm. After a thorough evaluation, leuprolide therapy is started. Which of the following changes in testosterone (green line) and
. 7 dihydrotestosterone (blue line) levels are most likely to occur in this patient after initiation of therapy?
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This patient, with nocturnal back pain, spinal tendemess, and an enlarged prostate, has prostate cancer with bony metastases. Most prostate
cancers are androgen-dependent. Androgen deprivation therapy by surgical orchiectomy or pharmacologic suppression of testosterone
production can slow progression of the disease and relieve bone pain.

Leuprolide is a gonadotropin-releasing hormone (GnRH) analog. It has agonist properties when administered in a pulsatile fashion and can
cause a transient rise in LH and testosterone production on initial administration (Choices A and C). However, continuous GnRH stimulation,
whether from a GnRH infusion or long-term leuprolide use, suppresses pituitary LH release and subsequently leads to reduced production of
testosterone by Leydig cells. The enzyme 5-alpha reductase converts testosterone to dihydrotestosterone (DHT) in target tissues; as testosterone
levels fall, DHT levels decrease concurrently.

(Choice D) Leuprclide has no effect on 5-alpha reductase activity. Therefore, testosterone and DHT levels will rise and fall together following
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! 5 This patient, with nocturnal back pain, spinal tendermess, and an enlarged prostate, has prostate cancer with bony metastases. Most prostate
6 cancers are androgen-dependent. Androgen deprivation therapy by surgical orchiectomy or pharmacologic suppression of testosterone
. 7 production can slow progression of the disease and relieve bone pain.
. 8
8 Leuprolide is a gonadotropin-releasing hormone (GnRH) analog. It has agonist properties when administered in a pulsatile fashion and can
: cause a transient rise in LH and testosterone production on initial administration (Choices A and C). However, continuous GnRH stimulation,
10 : : ; e :
whether from a GnRH infusion or long-term leuprolide use, suppresses pituitary LH release and subsequently leads to reduced production of
1 testosterone by Leydig cells. The enzyme 5-alpha reductase converts testosterone to dihydrotestosterone (DHT) in target tissues; as testosterone
w2 levels fall, DHT levels decrease concurrently.
13
. 14 (Choice D) Leuprclide has no effect on 5-alpha reductase activity. Therefore, testosterone and DHT levels will rise and fall together following
it leuprolide administration.
16 (Choice E) 5-alpha-reductase inhibitors (eg, finasteride) are used in the treatment of benign prostatic hyperplasia, and prevent the conversion of
« 17 testosterone to DHT. DHT levels will be reduced while testosterone levels remain largely unaffected.
L Educational objective:
= 19 Leuprolide is a gonadotropin-releasing hormone agonist that causes a fransient increase in pituitary LH secretion, which leads to a nise in
. AM testosterone levels. However, continuous use of leuprolide suppresses LH release and leads to a decrease in testosterone production.
. 21
. 22
References
23
. 24 « Impact of surgical and medical castration on serum testosterone level in prostate cancer patients.
« 25
Copyright © L'World. All rights reserved
.« 26

Block Time Remaining: 00:00:46 Esa = - B
Feedback




il
|
|
s

Settings
o g 3
= 2 i ?Mark . - .' @# '

. 2 Question Id: 1492 Previous  MNext Tutorial Lab Values Notes Calculator  ReverseColor .4 -0-0
. 3
. 4 A 53-year-old man with a long history of diabetes mellitus is admitted to the hospital after fracturing his femur in a motor vehicle accident. In the
. 5 hospital, he receives NPH (Neutral Protamine Hagedomn) insulin and regular insulin. The patient's blood sugar levels drop below 50 mg/dL several

6 fimes during his hospitalization, but the only symptoms he experiences during these hypoglycemic episodes are sweating and hunger. Which of
. 7 the following medications is most likely responsible for this phenomenon?
. 8
B () A Atorvastatin
. 10 () B. Doxazosin

=
[

_‘ C. Hydrochlorothiazide

-
[
(K%

=,
{

) D. Losartan
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[¥%]

\

P

) E. Propranolol
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") F. Verapamil
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Question Id: 1492

A 53-year-old man with a long history of diabetes mellitus is admitted to the hospital after fracturing his femur in a motor vehicle accident. In the
hospital, he receives NPH (Neutral Protamine Hagedorn) insulin and regular insulin. The patient's blood sugar levels drop below 50 mg/dL several
fimes during his hospitalization, but the only symptoms he experiences during these hypoglycemic episodes are sweating and hunger. Which of
the following medications is most likely responsible for this phenomenon?

Atorvastatin [4%]
Doxazosin [7%]
Hydrochlorothiazide [9%]
Losartan [4%]
Propranolal [70%]

F  Verapamil [2%]

Omitted
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G Sympathetic system neurotransmitters
B
. 3
CNS
6 : :
Sympathetic Sympat_hallc Effector cells
v & preganglionic neurons ganglion B+ Sweating
Ce o <= > - @M‘ * Hunger
. 9 e / : \*\\ P b /'« Paresthesias
A— | @N S~ N
- 10 f" . | T '-\'- RS \ Cholinergic postganglionic neuran
\ :
W ll., : ﬁ‘f, ¥ J.'I /7 . +Cardiovascular

. 4 — ~<ACh) N A ~ LTE i | - Tachycardia

12 7 :}, 4 \{_--- iy . o {nglzl_'q;'- y -Palp;lions

13 = i Adrenergic postganglionic neuron _;| o Tremor
. 14 L—A—J. = Anxiety/arousal
. 15 , \4}\\,.»

16 .f“‘{l‘ e
17

18 } Adrenal medulla Systemic

circulation

. 14
. 20 . =

i ‘& Nicotinic ACh receptos L.El Adrenergic Epinephnine
. 22 E Muscannie ACh receptor @_E-\I Morepinephrine  (ACh) Acatylcholine

a - ©UWorld
. 24 The brain relies heavily on glucose as an energy source, and the level of glucose uptake by the brain is not regulated by insulin. Prolonged
. 25 central nervous system (CNS)) hypoglycemia leads to irreversible neurologic deficits and death. To prevent injury, multiple counter-regulatory
. 26 systems are activated in response to hypoglycemia; these include glucagon, the sympathetic nervous system, and to a lesser extent, growth

hormone and codisg qon increases blood alucose primarily by increasing alvegaenolvsis and aluconeogenesi pinephrine limi b
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The brain relies heavily on glucose as an energy source, and the level of glucose uptake by the brain is not regulated by insulin. Prolonged
central nervous system (CNS) hypoglycemia leads to irreversible neurologic deficits and death. To prevent injury, multiple counter-regulatory
systems are activated in response to hypoglycemia; these include glucagon, the sympathetic nervous system, and o a lesser extent, growth
hormone and cortisol. Glucagon increases blood glucose primarily by increasing glycogenolysis and gluconeogenesis. Epinephrine limits
glucose use by insulin-sensitive tissues and also stimulates hepatic glycogenoclysis and gluconeogenesis. If hypoglycemia persists, the activity of
higher brain centers diminishes to reduce glucose requirements.

Symptoms of hypoglycemia fall into 2 broad categories: neurogenic (autonomic) and neuroglycopenic.

1. Neurogenic symptoms are caused by sympathoadrenal activation and are mediated via norepinephrine/epinephrine and acetylcholine
released by sympathetic postganglionic nerve fibers. Symptoms of narepinephrine/epinephrine release include tremulousness, palpitations,
and anxiety/arousal, whereas cholinergic symptoms include sweating, hunger, and paresthesias.

2. Neuroglycopenic symptoms include behavioral changes, confusion, visual disturbances, stupor, and seizures.

MNon-selective B-blockers (eg, propranolol, timolol, nadolol) inhibit norepinephrine/epinephrine-mediated compensatory reactions to hypoglycemia
(cholinergic symptoms are unaffected). In addition, blockade of Bz-adrenergic receptors inhibits hepatic gluconeogenesis and peripheral
glycogenolysis and lipolysis. Non-selective B-blockers should be used with caution in diabetic patients as these can increase the risk of
hypoglycemia and reduce patient awareness of hypoglycemia. Selective B4 blockers and B-blockers with intrinsic sympathomimetic activity (eg,
pindolol, acebutolol) are preferred for diabetics as these have minimal effect on glucose metabolism and adrenergic sympioms.

(Choices A and C) Statins and hydrochlorothiazide increase blood glucose levels but would not mask symptoms of hypoglycemia.

(Choice B) Insulin-secreting pancreatic B cells have oz and ; receptors; stimulation of a; receptors inhibits insulin secretion, whereas stimulation
of Bz recepfors increases insulin secretion. Doxazosin is a selective a;-blocker and has no effect on glucose levels.

(Choices D and F) Losartan is an angiotensin |l receptor blocker and verapamil is a non-dihydropyridine calcium channel blocker. These

medications do not mask the adrenergic symptoms of hypoglycemia and have virtually no effect on glucose levels.

Block Time Remaining: 00:00:49

Reverse Color

@ Feedback

Q:A &

Text Zoom




Il
1

ttings
X Setting 8
. E— ? & @ ¢ d:n o
. 2 == Question Id: 1492 — Tutorial Lab Values MNotes Calculator ReverseColor .. me‘
. 3
- 4 1. Neurogenic symptoms are caused by sympathoadrenal activation and are mediated via norepinephrine/epinephrine and acetylcholine
. 3 released by sympathetic postganglionic nerve fibers. Symptoms of norepinephrine/epinephrine release include tremulousness, palpitations,
6 and anxiety/arousal, whereas cholinergic symptoms include sweating, hunger, and paresthesias.
. 7 2. Neuroglycopenic symptoms include behavioral changes, confusion, visual disturbances, stupor, and seizures.
L MNon-selective 3-blockers (eg, propranolol, timolol, nadolol) inhibit norepinephrinelepinephrine-mediated compensatory reactions to hypoglycemia
x 2 (cholinergic symptoms are unaffected). In addition, blockade of Pz-adrenergic receptors inhibits hepatic gluconeogenesis and peripheral
« 10

glycogenolysis and lipolysis. Non-selective B-blockers should be used with caution in diabetic patients as these can increase the risk of

=
=

hypoglycemia and reduce patient awareness of hypoglycemia. Selective 34 blockers and B-blockers with intrinsic sympathomimetic activity (eg,

- 12 pindolol, acebutolol) are preferred for diabetics as these have minimal effect on glucose metabolism and adrenergic symptoms.
13
= (Choices A and C) Statins and hydrochlorothiazide increase blood glucose levels but would not mask symptoms of hypoglycemia.
. 15 (Choice B) Insulin-secreting pancreatic B cells have oz and 3z receptors; stimulation of «; receptors inhibits insulin secretion, whereas stimulation
16 of B2 receptors increases insulin secretion. Doxazosin is a selective a,-blocker and has no effect on glucose levels.
44 (Choices D and F) Losartan is an angiotensin |l receptor blocker and verapamil is a non-dihydropyridine calcium channel blocker These
L medications do not mask the adrenergic symptoms of hypoglycemia and have virtually no effect on glucose levels.
. 14
o5 Educational objective:
i MNon-selective B-blockers exacerbate hypoglycemia and mask its adrenergic symptoms mediated by norepinephrine and epinephrine. For this
5 reason, they should be used with caution in patients with diabetes mellitus. If B-blocker administration is necessary, selective By antagonists
' i3 should be used instead.
. 24
. 25 References
« 26

= Glucose counterregulatory responses to hypoglycemia.
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. 4 A 60-year-old woman comes to the office to discuss newly diagnosed type 2 diabetes mellitus. She was recently seen at an urgent care center,
. 5 where her nonfasting capillary blood glucose level was 190 ma/dL. A subseqguent hemoglobin A1c measurement was 8.5%. The patient's past
6 medical history is insignificant, though she had not seen a health care provider for several years prior to this episode. Her BMI is 31.5 kg/m®. She

. 7 does not use tobacco or alcohol. After instruction on dietary moedification and exercise, 1t is decided that the patient would benefit from metformin
. 8 therapy. Which of the following tests should be obtained before initiation of metformin?
. 9 —

= (_ ) A 3-hour oral glucose tolerance test

11 _ ) B, 24-hour urinary vanillyimandelic acid excretion
A —

| C. Complete blood count

13 e
. 14 : D. Serum creatinine
x 13 / ) E. Serum potassium level

16 =

17 _ ) F Serum T3H level

18
. 14

1
=

e 1 T | N S | &
L=, B, B - E R i N
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. 4 A 60-year-old woman comes to the office to discuss newly diagnosed type 2 diabetes mellitus. She was recently seen at an urgent care center,
. 5 where her nonfasting capillary blood glucose level was 190 ma/dL. A subseqguent hemoglobin A1c measurement was 8.5%. The patient's past
6 medical history is insignificant, though she had not seen a health care provider for several years prior to this episode. Her BMI is 31.5 kg/m®. She

. 7 does not use tobacco or alcohol. After instruction on dietary moedification and exercise, 1t is decided that the patient would benefit from metformin
. 8 therapy. Which of the following tests should be obtained before initiation of metformin?
. 9

= A 3-hour oral glucose tolerance test [5%]

11 B. 24-hour urinary vanillylmandelic acid excretion [2%]
A

C. Complete blood count [5%]

13
. 14 v D Serum creatinine [75%]
13 E. Serum potassium level [7%]

16
. 17 F. Serum TSH level [3%)]

18
. 14
20 Omitted :

- ||| 75% 3 Seconds 08/22/2018

- 21 gorre::t M Answered comectly Time Spent Last Updated
. 23

23
.« 24 Explanation
. 25

26
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4 Non-insulin agents for type 2 diabetes mellitus treatment
3
. Agent Mechanism of action Side effects
7
g Insulin
9 secretagogues insuli i
. gog Ilnc:!'ela‘ses insulin secretionby | . Hypoglycemia

— « Sulfonylureas inhibiting B-cell Ksre channels « Weight gain

s Meglitinides

-« 13 ; ;
T Biguanides Stimulates AMP.K, de:_:reas_lng
= . glucose production & insulin « Lactic acidosis

* Metformin resistance
16
17
18 Thiazolidinediones [ Activates transcription « Fluid retention/heart
1a s Pioglitazone regullator F.'PAR—V, decreasing failure
20 » Rosiglitazone insulin resistance « Weight gain
21
i GLP-1 agonists Increases glucose-dependent
insulin secretion, decreases

2 » Exenatide glucagon secretion, delays * Pancreatitis
25 * Liraglutide gastric emptying
26
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- « Pioglitazone !'egullator F.'F‘AR y, decreasing failure
6
.7 GLP-1 agonists !ncrgases gluf:ose-dependent
_B insulin secretion, decreases
p e Exenatide glucagon secretion, delays + Pancreatitis
= * Liraglutide gastric emptying
11 3 e
i DPP4 inhibitors
: Increases endogenous GLP-1
13 ¢ Sitagliptin & GIP levels » Nasopharyngitis
. 14 e Saxagliptin
« 15 .
= a-glucosidase
inhibitors i i
P R_educes !ntestunal _ v Diarrhea
= o Acarbose disaccharide absorption + Flatulence
. 19 « Miglitol
. 20 SGLT2 inhibitors
21 — ||'IC|'EEI$«ES renal QIUGOSE! - Urinary tract infections
o3 « Dapagliflozin
e AMPK = adenosing manophosphate-activated protein kinase, DPP4 = dipeptidyl-peptidase 4;
« 25 GIP = gastric inhibitory polypeptide; GLP-1 = glucagon-like peptide 1;
. 25 PPAR-y = peroxisome proliferator activated receptor y; SGLT2 = sodium glucose cotransporter 2
©UwWorld -
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Metformin is the maost commonly prescribed medication for type 2 diabetes mellitus. Metformin inhibits mitochondnal glycerophosphate
. 4 : . 2 : ikt
dehydrogenase and complex | (first electron transport chain enzyme). The resulting decrease in cellular energy stores causes AMPK activation,
: G leading to decreased hepatic gluconeogenesis. Ivetformin also increases peripheral glucose utilization. It does not increase endogenous
a insulin secretion and does not cause hypoglycemia when used as monotherapy.
. Fi
R In normal individuals, lactate produced in the intestine is converted to glucose via gluconeogenesis in the liver. Inhibition of mitochondnal
§ enzymes by metformin increases intestinal production of lactate {due to increased anaerobic glycolysis) and reduces hepatic metabolism of lactic
e acid (due to decreased gluconeogenesis). This increases the risk of lactic acidosis, particularly in older patients and those with significant
i hepatic or renal dysfunction. Renal function should be assessed by serum creatinine measurement prior to initiation of metformin therapy.
= Ietformin should also be avoided in patients with congestive heart failure or alcoholism due to the increased risk of lactic acidosis in these
. opulations.
i4 pop
. 14 (Choice A) The 3-hour glucose tolerance test is used to diagnose diabetes, especially gestational diabetes. This patient's significant hemoglobin
. 15 Alc elevation is diagnostic for diabetes, and a glucose tolerance test is not needed.
16 (Choice B) Vanillylmandelic acid (\VIVIA) is a metabolite of catecholamines, and VIVA excretion may be used as a screening tool for
. 17 catecholamine-producing tumors (eg, pheochromocytoma).
18
= (Choice C) Blood dyscrasias are occasionally seen with sulfonylureas but are not a significant concern with metformin.
. 20 (Choice E) Monitoring of serum potassium is not necessary with metformin use. Serum potassium is routinely monitored with diuretics (especially
. 21 loop diuretics), spironolactone, ACE inhibitors, and angictensin |l receptor blockers.
Gss (Choice F) Thyroid function tests are not required for any antidiabetic medications, including metformin. Thyroid function tests are routinely
23 performed in patients taking lithium and amiodarcne.
. 24
i Educational objective:
% IMetformin inhibits hepatic gluconeogenesis and increases peripheral glucose utilization. Lactic acidosis is a rare complication of metformin
: therapy, but its risk is increased in paftients with underlying renal insufficiency.
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. 4 A 52-year-old woman comes to the office for follow-up of mencpausal symptoms. She began having irregular menstrual cycles a year ago and
. 5 has not had a period in the last 6 months. The patient has also had severe hot flashes, mood swings, and vaginal dryness, and was started on
6 combination estrogen and progesterone therapy 2 months ago. Her symptoms improved significantly after treatment began. Her only other

. 7 medical condition is diet-controlled hypertension. She takes no other medications and does not use tobacco, alcohol, or illicit drugs. Blood
. 8 pressure is 120/78 mm Hg and pulse is 70/min. Physical examination shows no abnormalities. Which of the following most likely occurred in this
. a patient as a result of her medication use?
. 10 = :

i () A, Decreased conversionof T4to T3
. 12 () B. Decreased thyroid iodine uptake

() G Decreased TSH level

. 14 B
. 15 ( \ D. Increased free T3 level

16 ‘\'_:; E. Increased total T4 level
17 5

T ) F. No change in thyroid hormone levels
. 14
. 20
. 22

23
. 24
« 25
.« 26
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. 4 A 52-year-old woman comes to the office for follow-up of mencpausal symptoms. She began having irregular menstrual cycles a year ago and
. 5 has not had a period in the last 6 months. The patient has also had severe hot flashes, mood swings, and vaginal dryness, and was started on
6 combination estrogen and progesterone therapy 2 months ago. Her symptoms improved significantly after treatment began. Her only other
. 7 medical condition is diet-controlled hypertension. She takes no other medications and does not use tobacco, alcohol, or illicit drugs. Blood
. 8 pressure is 120/78 mm Hg and pulse is 70/min. Physical examination shows no abnormalities. Which of the following most likely occurred in this
. a patient as a result of her medication use?

. 10
Decreased conversion of T4 to T3 [7%)]

Decreased thyroid iodine uptake [2%]

Decreased TSH level [19%]

=
I
m o O W PF

= 14
.15 Increased free T3 level [4%]
16 v Increased total T4 level [32%)]
17
= F. No change in thyroid hormone levels [33%]
» 19
« 20
21 Omitted ;
_ ||| 32% 3 Seconds 10/09/2018
22 Eorreu:t SR Answered comectly Time Spent Last Updated
23
- 24
+ 25 Explanation
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. 3
e Explanation
. 5
6
. 7 Circulating thyroid harmone consists of 2 fractions: a protein-bound fraction and a free fraction that is available to enter target cells via a carrier-
Z mediated mechanism. Maore than 99% of circulating thyroid hormone is bound to plasma proteins, creating a large circulating reservoir of thyroid
5 hormone. Thyroxine-binding globulin (TBG) accounts for approximately 70% of thyroid harmone binding, with an additional share bound by
= albumin and transthyretin.
11 An increase in estrogen activity (eg, pregnancy, oral contraceptive use, postmenopausal hormone replacement therapy) raises circulating
. 12 TBG levels, causing a comresponding reduction in free T4 and T3 levels. In patients with a normal hypothalamic-pituitary-thyroid axis, this
reduction will result in a transient increase in TSH, leading to increased thyroid hormone production until the additional TBG becomes saturated
. 14 with thyroid hormone and free T4 and T3 levels are restored. Therefore, an increase in the TBG level leads to an increase in total T4 (bound
.15 plus free T4) as well as total T3 (Choice F). However, the level of free thyroid hormones remains normal, patients remain euthyroid and T5H
16 levels return to the normal range (Choices C and D).
. (Choice A) Estrogen does not affect the peripheral conversion of T4 to T3, Medications that decrease the peripheral conversion of T4 to T3
18 include propylthiouracil, glucocorticoids, and nonselective beta blockers.
» 19 Sl : : ! i A :
(Choice B) Thyroid iodine uptake increases transiently due to the increase in TSH. However, iodine uptake normalizes once the newly
. 20 . ; . : ;
synthesized TBG becomes saturated with thyreid hormone and TSH (and thyroid hormone synthesis) returns to normal.
21
. 272 Educational objective:
23 An increase in estrogen activity, as seen in pregnancy or postmenopausal estrogen replacement therapy. increases the level of thyroxine-binding
. o4 globulin. This leads to an increase in total thyroid hormone levels, but feedback contral maintains normal levels of free (biologically active) thyroid
b hormone.
« 20 Copyright @ UWorld. Al rights reserved
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Question Id: 1984 MNotes
A b4-year-old woman is found unconscious on the floor of a supermarket. She is breathing and has a palpable pulse but is not arousable. The
patient has a medical alert bracelet indicating that she has type 1 diabetes mellitus. Testing with a glucose meter from the store's pharmacy
shows a blood glucose level of 34 mg/dL. An ambulance has been called, but the time it will take to reach the supermarket is unknown. The
pharmacist has offered the store's first aid kit. While awaiting assistance, which of the following is the best method of normalizing this patient's
blood glucose?

Buccal glucose paste

Intramuscular epinephrine

pr

-~

£y
P

A
k\ C. Intramuscular glucagon
D.
JE:

N

Intranasal desmopressin

O) Sweetened fruit juice
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. 3
. 4 A b4-year-old woman is found unconscious on the floor of a supermarket. She is breathing and has a palpable pulse but is not arousable. The
. 5 patient has a medical alert bracelet indicating that she has type 1 diabetes mellitus. Testing with a glucose meter from the store's pharmacy
6 shows a blood glucose level of 34 mg/dL. An ambulance has been called, but the time it will take to reach the supermarket is unknown. The

. 7 pharmacist has offered the store's first aid kit. While awaiting assistance, which of the following is the best method of normalizing this patient's
. 8 blood glucose?
. 9

= A Buccal glucose paste [23%]

11 B. Intramuscular epinephrine [7 %]
. 12

v C. Intramuscular glucagon [52%]

13
. 14 D.  Intranzasal desmopressin [0%]
x 13 E. Sweetened fruit juice [15%]

16
. 17

18
. 19 s Iy 52% 3 Seconds 01/19/2019
. 20 gorrec’[ ElLELES Answered comectly Time Spent Last Updated
21
. 23

23 Explanation
. 24
— iild hypoglycemia initially may manifest only with anxiety, tremor, and sweating, but as it worsens, patients may develop confusion, loss of

= consciousness, and seizures. Caught early, mild to moderate hypoglycemia can be self-treated with oral intake of 15-30 g of fast-acting

carbohydrates (eq. glucose tablets.sweetened fruit juices, hard candy). However. when the hypoaglycemia becomes severe enough fo induce
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- 3 Explanation -
. 4
. 5 ild hypoglycemia initially may manifest only with anxiety, tremor, and sweating, but as it worsens, patients may develop confusion, loss of
6 consciousness, and seizures. Caught early, mild to moderate hypoglycemia can be self-treated with oral intake of 15-30 g of fast-acting

. 7 carbohydrates (eq, glucose tablets, sweetened fruit juices, hard candy). However, when the hypoglycemia becomes severe enough to induce
. B8 unconsciousness, parenteral treatment is required.
: 9 In @ medical setting, severe hypoglycemia is freated with intravenous glucose (eg, 50% dextrose ampule). In a nonmedical setting, emergency
- 10 glucagon kits may be needed for rapid correction of hypoglycemia. Glucagon can be injected intramuscularly or subcutaneously by a caregiver

11 ar informed bystander Glucagon corrects hypoglycemia by increasing hepatic glycogenolysis and gluconeogenesis, and will typically cause a
. 12 return to consciousness within 10-15 minutes of administration. If glucagon is not available, buccal or sublingual glucose ar sucrose (eg, glucose

13 paste. cake frosting, sugar packets) may be attempted, but absorption of glucose from oral mucosa is slow and erratic and may be ineffective
. 14 (Choice A).
sz 23 (Choice B) Intramuscular epinephrine is indicated for the treatment of anaphylaxis. and automated self-injectors are typically provided for patients

a8 with a history of severe allergy. Epinephrine raises blood glucose but is less effective than glucagon.
17

18 (Choice D) Desmopressin is used to treat central diabetes insipidus and nocturnal enuresis. It also increases circulating levels of von Willebrand
. 19 factor and promotes the coagulant activity of factor VIII.
« 20 (Choice E) Oral glucose administration is approprate for treatment of mild hypoglycemia in a conscious patient. It is not recommended for
« 21 unconscious patients due to the risk of aspiration.
EE Educational objective:

& Severe hypoglycemia with loss of consciousness is typically treated with intramuscular glucagon in the nonmedical setting and with infravenous
=t dextrose in the medical setting.
« 25
. 25 Copyrighi & UWorld. All nghts reserved
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. 4 A 48-year-old woman with a complex medical history comes to the clinic due to a change in her body habitus. She says her legs are "like sticks”
. 5 while her "belly is getting bigger.” The patient also feels increasingly fatigued but does not have excessive daytime somnolence. She has been
6 homeless for much of the last 5 years but has been living in a residential care facility for the last 12 months. On physical examination, she is

. 7 distractible and has an inappropriate affect but is cooperative. Neurologic and mental status examination is otherwise normal. There is loss of
. 8 adipose tissue from the extremities and face, with a noticeable increase in abdominal girth. Which of the following types of medications is most
. a likely to be responsible for this patient's symptoms?
. 10 =

i ( o) A, Antiretroviral medication
. 12 ) B. HMG-CoA reductase inhibitor

13 ") C. Loop diuretic
. 14 -
. 15 \____\: D Naonsteroidal antiinflammatary drug

16 ', E. Proton pump inhibitor
. :; , F. Selective serotonin reuptake inhibitor
. 19 \_“ G. Thyroperoxidase inhibitor
. 20 .
21

23
. 24
« 25
.« 26
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. 4 A 48-year-old woman with a complex medical history comes to the clinic due to a change in her body habitus. She says her legs are "like sticks”
. 5 while her "belly is getting bigger.” The patient also feels increasingly fatigued but does not have excessive daytime somnolence. She has been
6 homeless for much of the last 5 years but has been living in a residential care facility for the last 12 months. On physical examination, she is

. 7 distractible and has an inappropriate affect but is cooperative. Neurologic and mental status examination is otherwise normal. There is loss of
. 8 adipose tissue from the extremities and face, with a noticeable increase in abdominal girth. Which of the following types of medications is most
. a likely to be responsible for this patient's symptoms?

i v A Antiretroviral medication [53%]
. 12 B. HMG-CoA reductase inhibitor [7%]

13 e

C. Loop diuretic [2%]

. 14
. 15 D.  Nonsteroidal antinflammatory drug [3%]

da E. Proton pump inhibitor [1%]
17

= F  Selective serotonin reuptake inhibitar [11%]
19 G. Thyroperoxidase inhibitor [20%]
. 20
21
. 22 T

23 e ||y 93% 3 Seconds 08/18/2018

Correct answer Answered commectly Time Spent Last Updated
. 24 A
« 25
.« 26
Explanation
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. 3
. 4 Explanation
. 3
= This patient has redistribution of fat from the extremities to the trunk. Medication-induced body fat redistribution (sometimes called lipoatrophy
) - ar lipodystrophy) is a common adverse effect of highly-active antiretroviral therapy (HAART) and can be considered a product of 2
G independent processes: wasting of fat from the face and extremities and depasition of fat in the trunk and viscera.
. e 1. Lipoatrophy refers to loss of subcutaneous fat, especially from the face, extremities, and buttocks. It is primarily seen in patients taking
. 10 nucleoside reverse transcriptase inhibitars (mainly stavudine and zidovuding) and is also associated with protease inhibitor use.
i 2. Central fat deposition also occurs in some patients and causes increased abdominal girth and a buffalo hump (dorsocervical fat
L accumulation) that is similar to Cushing syndrome. Central fat deposition may be seen with any HIV treatment regimen and may be a result
13 of treating HIV rather than a specific medication adverse effect.
Both syndromes have been associated with metabolic abnormalities including insulin resistance, hypertriglyceridemia, and reduced HDL
e cholesterol levels.
. 17 (Choice B) HMG-CoA reductase inhibitors (statins) are associated with myalgias and an increase in hepatic transaminase levels. They do not
18 cause fat redistribution.
- 19 (Choice C) Thiazide diuretics (eg, chlorthalidone, hydrochlorothiazide) can cause hyperglycemia and hypertriglyceridemia and may have a small
- 20 effect on fat distribution. However, these effects have not been seen with loop diuretics (eg, furosemide).
: i (Choice D) Unlike glucocorticoids, nonsteroidal antiinflammatory drugs (NSAIDs) do not significantly alter tissue lipid metabelism or cause fat
o3 redistribution.
. 24 (Choice E) Proton pump inhibitors (PFIs) are used to reduce gastric acid secretion in patients with peptic ulcer and gastroesophageal reflux.
. 25 PPls can cause hypomagnesemia and increased risk of osteoporosis.
= f8 (Choice F) Selective serotonin reuptake inhibitars are indicated for treatment of depression and chronic anxiety. They can cause weight gain ina -
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B 3 Both syndromes have been associated with metabolic abnormalities including insulin resistance, hypertriglyceridemia, and reduced HDL -
CE cholesterol levels.
(Choice B) HMG-CoA reductase inhibitors (statins) are associated with myalgias and an increase in hepatic transaminase levels. They do not
6 e
cause fat redistribution.
. Fi
. s (Choice C) Thiazide diuretics (eg. chlorthalidone, hydrochlorothiazide) can cause hyperglycemia and hypertriglyceridemia and may have a small
. g effect on fat distribution. However, these effects have not been seen with loop diuretics (eg, furosemide).
. 10 (Choice D) Unlike glucocorticoids, nansteroidal antiinflammatory drugs (NSAIDs) do not significantly alter tissue lipid metabolism or cause fat
11 redistribution.
. 12 e 2 e : : :
(Choice E) Proton pump inhibitors (PPIs) are used to reduce gastric acid secretion in patients with peptic ulcer and gastroesophageal reflux.
13 ; , : :
PPls can cause hypomagnesemia and increased risk of osteoporosis.
. 14
. 15 (Choice F) 5elective serotonin reuptake inhibitors are indicated for treatment of depression and chronic anxiety They can cause weight gain in a
16 subset of patients but have not been linked to fat redistribution.
« 17 (Choice G) Thyroperoxidase inhibitors (eg, methimazole, propylthiouracil) are used to treat hyperthyroidism. Common side effects include bone
18 marrow suppression (eg, anemia, agranulocytosis).
. 14
Educational objective:
. 20 . . : . : : : e . : .
Highly-active antiretroviral therapy (HAART) for HIV is commonly associated with body fat redistribution. Subcutaneous lipoatrophy involving the
& face and extremities is associated with nucleoside reverse transcriptase inhibitors (especially stavudine and zidovudine) and protease inhibitors.
A Central fat accumulation in the trunk and viscera can occur with any HAART regimen.
23
. 24
g References
. 26 = Systematic review of antiretroviral-associated lipodystrophy: lipoatrophy, but not central fat gain, is an antiretroviral adverse drug reaction.
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. 4 A 48-year-old man with type 2 diabetes mellitus comes to the office for a follow-up appointment. Four years ago, he was diagnosed with diabetes
. 5 that was initially managed with metformin, but was then discontinued due to diarthea. He now has persistently elevated blood glucose levels
6 despite being on the maximum therapeutic dose of glipizide. Laboratory studies performed a few days ago show a fasting blood glucose of 180
. 7 mag/dL and HbA1c of 8 6%. The patient does not want to go on insulin or any other injectable diabetic medications. After discussing various
. 8 treatment options with the patient, the physician decides to add canagliflozin to his current regimen. Which of the following tests should be
. a ordered before the patient begins canaglifiozin therapy?
. 10 =
i ( o) A Blood urea nitrogen and creatinine
. 12 ,, B. Complete blood count with differential
13 ") C. Liver function tests
. 14 -
. 15 (_) D. Thyroid function tests
() E. Urinalysis
. 17
18

[RC R
[ RV ]
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. 3
. 4 A 48-year-old man with type 2 diabetes mellitus comes to the office for a follow-up appointment. Four years ago, he was diagnosed with diabetes
. 5 that was initially managed with metformin, but was then discontinued due to diarthea. He now has persistently elevated blood glucose levels
6 despite being on the maximum therapeutic dose of glipizide. Laboratory studies performed a few days ago show a fasting blood glucose of 180

. 7 mag/dL and HbA1c of 8 6%. The patient does not want to go on insulin or any other injectable diabetic medications. After discussing various
. 8 treatment options with the patient, the physician decides to add canagliflozin to his current regimen. Which of the following tests should be
. a ordered before the patient begins canaglifiozin therapy?
. 10 E =

i v A Blood urea nitrogen and creatinine [47%]
. 12 B. Complete blood count with differential [5%]

13 C. Liver function tests [27%]
. 14
. 15 D.  Thyroid function tests [2%]

E. Unnalysis [16%]

. 17

18
. 14 .
. 20 i) || 47% 4 Seconds 10/27/2018
. 21 ‘ior.ect bR Answered correcily Time Spent Last Updated
. 23

23
. 24 Explanation
. 25
- 26 SGLT2 inhibitors
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3
4
5 SGLT2 inhibitors
6 Tubule lumen Proximal tubule cell Interstitium
£ s
8 GLUTZ2
a SGLT2 inhibitors
= Canaglifiozin O
Dapagliflozin @
1 Glucose
12
2 o
14 Glucose Glucose
15

o
Q O

1 Q/O

[
st |

=
I

[
a2}

-
U]

| S
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= Na* K*
23 @
K Na'/K*
24
pump
25
A
26
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Canaglifiozin belongs to a new class of oral anti-diabetic agents known as sodium-glucose cotransporter 2 (SGLT2) inhibitors. SGLTZ2 is a
low-affinity, high-capacity transport protein that is responsible for reabsorbing 90% of filtered glucose in the proximal tubule. SGLT2 inhibition
leads to significant urinary glucose loss.

SGLT2 inhibitors are second- or third-line drugs that are generally added to existing oral anti-diabetic medications as an alternative to insulin
therapy in patients with type 2 diabetes mellitus who fail to achieve their glycemic goals.

Side effects include urinary tract and genital mycotic infections due to glucosuria. Increased osmotic diuresis can also cause symptomatic
hypotension in some patients (particularly the elderly and individuals on diuretics). SGLT2 inhibitors should be avoided in patients with
moderate-to-severe renal impairment due to lack of efficacy and increased risk of adverse effects. For this reason, renal function should be
assessed before initiating SGLT2 inhibitor therapy and periadically thereafter.

(Choice B) Complete blood count is not required befare initiating treatment with any anti-diabetic agent.

{Choice C) Thiazolidinediones (eg, pioglitazone, rosiglitazone) are associated with fluid retention (which can exacerbate heart failure), and some
in this class are associated with hepatotoxicity. Patients should undergo periodic liver function testing and careful assessment for risks and signs
of heart failure before and after starting thiazolidinediones.

(Choice D) Thyroid function tests are routinely performed on patients taking lithium and amiodarone but are not required for any anti-diabetic
medication.

(Choice E) Even though SGLT2 inhibitors increase the risk of urinary tract infections, routine urinalysis is not necessary before or after starting
therapy with these medications.

Educational objective:
SGLT2 inhibitors (eq, canagliflozin, dapagliflozin) are oral anti-diabetic agents that work by decreasing proximal tubular reabsorplion of glucose,
thereby promoting urinary glucose loss. It is recommended to monitor serum creatinine before and after imitiating therapy with SGLTZ inhibitors.
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4 A T6-year-old woman with type 2 diabetes mellitus is brought to the hospital after her family found her unresponsive in the morning. Her daughter
5 reports that they had a busy day together the previous day with many activities that required extended walking. The patient then ate less dinner
6 than usual because she felt tired. She takes only one oral medication for diabetes. Her blood pressure is 140/80 mm Hg and pulse is 102/min.
7 The patient is diaphoretic and responds to deep pain only. Pupils are round and reactive. Cardiopulmanary examination is normal. Her random
8 blood glucose is 44 mg/dL. The patient's condition rapidly improves after administration of an intravenous bolus of dextrose, but she becomes
a confused again several hours later. Her repeat blood glucose is 49 mg/dL. Which of the following medications is the most likely cause of this
10 patient's present condition?
11 -
() A Acarbose
12 =
13 ") B. Glipizide
i ") C Glyburide
15 .
. 16 o D.  Metformin
) E. Pioglitazone
. 18 —~ s
= () F Sitagliptin
20
21
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Question Id: 11565

A T6-year-old woman with type 2 diabetes mellitus is brought to the hospital after her family found her unresponsive in the morning. Her daughter
reports that they had a busy day together the previous day with many activities that required extended walking. The patient then ate less dinner
than usual because she felt tired. She takes only one oral medication for diabetes. Her blood pressure is 140/80 mm Hg and pulse is 102/min.
The patient is diaphoretic and responds to deep pain only. Pupils are round and reactive. Cardiopulmanary examination is normal. Her random
blood glucose is 44 mg/dL. The patient's condition rapidly improves after administration of an intravenous bolus of dextrose, but she becomes
confused again several hours later. Her repeat blood glucose is 49 mg/dL. Which of the following medications is the most likely cause of this
patient's present condition?

Acarbose [6%]
Glipizide [16%)]
Glyburide [38%)]
Ietformin [17%]
Pioglitazone [13%]

Sitagliptin [7%]

mitea

: . ||| 38% 3 Seconds 012212019
gorrec’[ SHSHOE Answered comecily Time Spent Last Updated
Explanation
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. 4
P This patient's persistent hypoglycemia is most likely due to her oral diabetes medication. Sulfonylureas bind to their receptor on pancreatic beta
= cells to inhibit the ATP-dependent potassium channel. This alters the cell's resting potential and allows calcium influx, leading to exocytosis of
5 insulin. The net result is increased insulin secretion by beta cells independent of blood glucose concentrations. Due to their mechanism,
' = sulfonylureas carry a significant risk of hypoglycemia. This risk is increased by exercise, missed meals, chronic malnourishment, or organ
’ dysfunction (eg, renal, cardiac, gastrointestinal disease) or after a hospital admission.
. 9
. 10 Second-generation sulfonylureas (eg, glipizide, glyburide, glimepiride) are equally effective in lowering blood glucose but have different durations
11 of action. Glyburide and glimepinde are long-acting and have a higher incidence of hypoglycemia, especially in the elderly. In contrast, glipizide is
. 12 short-acting and has a significantly lower incidence of hypoglycemia (Choice B).
13 (Choice A) Acarbose Is an alpha-glucosidase inhibitor that decreases intestinal glucose absorption and blunts the postprandial rize in serum
- 14 glucose. Although it can increase insulin sensitivity in the elderly, acarbose is not asscciated with significant hypoglycemia.
« 15
(Choice D) Metformin is a biguanide that decreases hepatic glucose production, decreases intestinal glucose absorption, and increases
18 peripheral glucose uptake and utilization. Metformin has rarely been associated with lactic acidosis but does not typically cause hypoglycemia.
17
18 (Choice E) Thiazolidinediones (eg, pioglitazone) increase insulin sensitivity by increasing glucose utilization and decreasing glucose production in
. 10 adipose tissue, muscle, and liver. Thiazolidinediones have been associated with cardiac side effects (eg, heart failure) but do not cause significant
— hypoglycemia.
- 21 (Choice F) Sitagliptin is a dipeptidyl peptidase 4 (DPP-4) inhibitor that increases beta cell insulin release. Its effect is glucose-dependent and
. 22 diminishes as glucose levels approach normal. As a result, it does not usually cause hypoglycemia.
23 4 Ay
Educational objective:
At Sulfonylureas increase insulin secretion by pancreatic beta cells independent of blood glucose concentration. Long-acting sulfonylureas (eg,
;7 glyburide, glimepiride) have a high incidence of hypoglycemia, especially in the elderly.
« 26
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. 3
. 4 A 65-year-old man comes to the office due to advanced prostate cancer with bone metastases. For the last 4 months, he has been treated with a
. 5 GnRH agonist, which has significantly reduced his bone pain. However, the patient now reports discomfort at the anterior chest wall. Physical
6 examination reveals bilateral, mildly tender enlargement of the breast tissue behind the nipple-areclar complex. Which of the following
. 7 medications, If initiated early, could have most effectively prevented this patient's breast symptoms?
s g
B () A Bicalutamide
. 10 (") B. Danazol
11 = i :
( ) C. Finasteride
. 12
13 ( ) D. Spironolactone
. 14 ") E. Tamoxifen
. 15
16
. 17
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. 4 A 65-year-old man comes to the office due to advanced prostate cancer with bone metastases. For the last 4 months, he has been treated with a
. 5 GnRH agonist, which has significantly reduced his bone pain. However, the patient now reports discomfort at the anterior chest wall. Physical
G examination reveals bilateral, mildly tender enlargement of the breast tissue behind the nipple-areclar complex. Which of the following
. 7 medications, If initiated early, could have most effectively prevented this patient's breast symptoms?
. 8
5 A Bicalutamide [6%]
. 10 B. Danazol [16%]
11 : :
C. Finasteride [17%]
. 12
13 D.  Spironolactone [9%]
. 14 v E. Tamaoxifen [50%]
. 15
16
. 17
LARRECE Iy 50% 3 Seconds 01/26/2019
. 19 E[’"Eﬁ EEELES Answered commectly Time Spent Last Updated
. 20
. 21
. 27 Explanation
23
. 24 :
Gynecomastia
. 25
. 26 Clinical findings | = Development of glandular breast tissue in males
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. 4
. 5 Gynecomastia

a Clinical findings | « Development of glandular breast tissue in males
. Fi

« Increased estrogen/androgen ratio

= 8 Pathophysiclogy o 7 g .
. g « [Ductal epithelial hyperplasia & stromal fibrosis
» 10

« Increased estrogen levels (eg, cirrhosis, obesity)

[
=
L]

Decreased testosterone levels (eg, chronic kidney disease, hypogonadism)

= 12 Common « Medication effect
13 etiologies = Decreased androgen production {eg, GnRH agonists, ketoconazole)
. 14 = Decreased conversion to dihydrotestosterone (eg, 5-alpha reductase inhibitors)
« 15 e |nhibition of androgen receptors (eg, spironclactone, bicalutamide)
16
% Gynecomastia is the development of glandular breast tissue in males. It is characterized by ductal epithelial hyperplasia with fibrosis of the

surrounding stroma. Breast growth is inhibited by androgens and promoted by estrogens; conditions that increase the estrogen to androgen

s
I

ratio can lead to gynecomastia. Common pathologic causes include cirrhosis (increased aromatase activity, decreased clearance of estrogens),

. 14
5 end-stage renal disease (decreased testosterone production), and medications (eg, spironolactone, ketoconazole).
. 21 IMen with prostate cancer who receive androgen-deprivation therapy (eg, orchiectomy, long-acting GnRH agonists, androgen receptor inhibitors)
. 72 can develop gynecomastia due to dramatic (=95%) reductions in circulating testosterone (with lesser reductions in estrogens). Treatment with
23 tamoxifen, a selective estrogen receptor modulator that acts as an estrogen antagonist in the breast, can reduce the risk of gynecomastia in
. 24 these patients.
25 (Choice A) Bicalutamide is a testosterone receptor antagonist used in the treatment of prostate cancer. This drug can cause or worsen
- 26 gynecomastia due 1o the reduced physiologic testosterone effect.
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. 3 surrounding stroma. Breast growth 15 Inhibited by androgens and promoted by estrogens, condiions that increase the estrogen to androgen A
. 4 ratio can lead to gynecomastia. Common pathologic causes include cirrhosis (increased aromatase activity, decreased clearance of estrogens),
. 5 end-stage renal disease (decreased testosterone production), and medications (eg, spironolactone, ketoconazole).
6 Ien with prostate cancer who receive androgen-deprivation therapy (eg, orchiectomy, long-acting GnRH agonists, androgen receptor inhibitors)
: 7 can develop gynecomastia due to dramatic {=95%) reductions in circulating testosterone (with lesser reductions in estrogens). Treatment with
. 8 tamexifen, a selective estrogen receptor modulator that acts as an estrogen antagonist in the breast, can reduce the risk of gynecomastia in
- 9 these patients.
. 10 : e ; : :
(Choice A) Bicalutamide is a testosterone receptor antagonist used in the treatment of prostate cancer  This drug can cause or worsen
11 : : :
gynecomastia due to the reduced physiologic testosterone effect.

. 12

13 (Choice B) Danazol is a synthetic steroid with androgenic and antiestrogenic effects. It may improve gynecomastia in patients with
. 14 hypogonadism but can lead to rapid growth of prostate cancer and would not be appropriate for this patient.
« 15 (Choices C and D) Finasteride is a 5-a reductase inhibitor that reduces the conversion of testosterone to dihydrotestosterone; it is used for

18 treatment of benign prostatic hyperplasia and male-pattern hair loss. Spironolactone 15 an aldosterone antagonist that also decreases
« 17 testosterone production and inhibits the festosterone receptor; it is commonly used for heart failure, cirrhosis, and hyperiension. Both of these

s
I

agents are associated with increased risk of gynecomastia.

13 Educational objective:
5l Gynecomastia is the development of glandular breast tissue in males and is commaonly seen in men receiving androgen deprivation therapy for
&l prostate cancer. Tamoxifen inhibits the effect of estrogen on breast tissue and can reduce the risk of gynecomastia in these patients.
. 22

23

References

. 24
. 25 « Treatment of gynecomastia in patients with prostate cancer and androgen deprivation.
. 26

Copyright ® UWorld. All rights reserved

Block Time Remaining: 00:01:11 Esa = - B
Feedback




= a - L
Question Id: 11657 Tutorial Lab Values MNotes Calculator  Reverse Color .- -

L= N = - R R = R R - 7 B L

[ FR N U R R e R
19, [N T TE R RO R~ R =T 00 S R = SR 5 B - 7% R (% R R = |

Zoom In Zoom Out Reset Add To Flash Card

[
on

L = e = L= L LD = Tt T T e T FroT, T LR = = == = = L = = L B R e = A= R = R = P = e = -

i)
]

Block Time Remaining: 00:01:11




LX Settings

= : . ?Mark . - .' @# '
. 2 Question Id: 626 Previous  MNext Tutorial Lab Values Notes Calculator  ReverseColor .4 -0-0
. 3
. 4 A 22-year-old woman comes to the office due to palpitations, weight loss, and insomnia. She has lost 7 kg (15.4 1b) in the past 3 months. The
. 5 patient has no other medical problems and takes no medication. She does not use tobacco, alcohal, or illicit drugs. Blood pressure is 130/80 mm
6 Hg and pulse is 104/min and regular. The thyroid gland is diffusely enlarged and nontender on palpation. Laboratory studies show markedly

. 7 decreased serum TSH and elevated thyroxine levels. Methimazole monotherapy is initiated. Two months later, her symptoms had resolved. The
. 8 treatment most likely improved this patient's condition by directly inhibiting which of the following processes?
2 £ e a =

= G A Colloid production

11 _ ) B. Coupling of iodotyrosines
e ") C. lodide uptake by the thyroid gland

13 e
. 14 _: D Peripheral thyroxine to triiodothyronine conversion
» 15 () ‘ E. Triodothyronine/thyroxine effect on target tissues

16 =
17

=
U=l O

i L T | R L L N
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4 A 22-year-old woman comes to the office due to palpitations, weight loss, and insomnia. She has lost 7 kg (15.4 1b) in the past 3 months. The
5 patient has no other medical problems and takes no medication. She does not use tobacco, alcohal, or illicit drugs. Blood pressure is 130/80 mm
6 Hg and pulse is 104/min and regular. The thyroid gland is diffusely enlarged and nontender on palpation. Laboratory studies show markedly
7 decreased serum TSH and elevated thyroxine levels. Methimazole monotherapy is initiated. Two months later, her symptoms had resolved. The
8 treatment most likely improved this patient's condition by directly inhibiting which of the following processes?
g - .

= A Colloid production [1%]

11 v B. Coupling of iodotyrosines [74%]

12

C. lodide uptake by the thyroid gland [7%]

13

14 D.  Peripheral thyroxine to triiodothyronine conversion [14%]

i E. Triodothyronine/thyroxine effect on target tissues [1%]

16

17

. 18
IO Iy 74% 3 Seconds 09/18/2018
. 20 ;[’"Eﬁ ElLELES Answered comectly Time Spent Last Updated

21

22

23 Explanation

24

25 - - - -

Tz Thyroid hormone inhibition
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Thyroid hormone inhibition

Blood Thyroid follicular cell Colloid
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Sodium-iodide 1
symporter =
I- @ > |,
Na* 1» Thyroid
peroxidase
Propylthiouracil O
Beta blockers Thioamides
Ipodate (contrast agent) Propylthiouracil
Methimazole

S /——
e

Digestion

Secretion

©UWorld

Thyroid follicular cells take up inorganic iodide (iodide trapping) against a concentration gradient using a sodium-iodide symporter. lodide is
then released into the thyroid follicular lumen, where it is oxidized to iodine radical by thyroid peroxidase lodine then binds to tyrosine residues
(organification) in thyroglobulin to form monoiodotyrosine (MIT) and dilodotyrosine (DIT). Coupling of MIT and DIT produces triiodothyronine (T3;
MIT coupled with DIT) and thyroxine (T4; two DITs coupled). The thyroid follicular cells then engulf thyroglobulin, which contains the iodinated
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4 T3 = triiodothyronine; T4 = thyroxine. ©UwWorld
5 Thyreid follicular cells take up inorganic iodide (iodide trapping) against a concentration gradient using a sodium-iodide symporter. lodide is
5 then released into the thyroid follicular lumen, where it is oxidized to iodine radical by thyroid peroxidase. lodine then binds to tyrosine residues
- (organification) in thyroglobulin to form monoiodotyrosine (MIT) and dilodotyrosine (DIT). Coupling of MIT and DIT produces triodothyronine (T3;
a MIT coupled with DIT) and thyroxine (T4; two DITs coupled). The thyroid follicular cells then engulf thyroglobulin, which contains the iodinated
§ fyrosine compounds, via pinocytosis. In the thyroid cytoplasm, T3 and T4 (collectively, thyroid hormones) are removed from the rest of the

e thyroglobulin and secreted from the basolateral border.

11 This patient with elevated T4 and suppressed TSH has primary hyperthyreidism. IMethimazole and propylthiouracil are thioamide drugs used

12 for treating hyperthyroidism. They inhibit thyroid peroxidase, the enzyme responsible for both iodine organification and coupling of

13 iodotyrosines. Propylthiouracil also decreases the peripheral conversion of T4 to the active hormone T3, although methimazole does not have

14 this effect (Choice D).

15 (Choice A) Colloid is a gelatinous material in the follicular lumen that consists mainly of thyroglobulin. The production of colloid is regulated

16 primarily by TSH; it is not dependent an thyroid peroxidase and is not inhibited by thicamides.

17

(Choice C) lodide uptake is upregulated by TSH. Perchlorate and pertechnetate are competitive inhibitors of the sodium-iodide symporter.

[
a2}

(Choice E) Hyperthyroidism is characterized by increased sensitivity to catecholamines due to the thyroid hormone—mediated upregulation of
beta-adrenergic receptors. Beta blockers help decrease the target organ effects of thyroid hormones, and certain ones (eg, propranolol) also

s
=

=
I

21 decrease the peripheral conversion of T4 to T3.
= Educational objective:
23 Thiocamides (eg, methimazole, propylthiouracil) decrease the formation of thyroid hormones via inhibition of thyroid peroxidase, the enzyme
24 responsible for both icdine organification and coupling of iodotyrosines. Propylthiouracil also decreases the peripheral conversion of T4 to T3.
25

Copyright © L'World. All rights reserved
26
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Question Id: 166 Calculator
A 22-year-old man comes to the emergency department with abdominal pain and vomiting. His symptoms began acutely 24 hours ago with

nausea and decreased appetite. His medical history is unremarkable. The patient drinks 3-4 beers a week and does not use tobacco or illicit

drugs. BMI is 37 kg/m2. Physical examination is notable for moderate epigastric tenderness with decreased bowel sounds but no rebound
tenderness, guarding, or abdominal rigidity. Fasting laboratory studies show a serum triglyceride concentration of 1,500 mg/dL (normal: <200

mg/dL}. Once the patient has been medically stabilized, which of the following medications would be most helpful in preventing recurrences of his
condition?

Atorvastatin

Cholestyramine

Fenofibrate

A
B

) C. Ezetimibe
D
E. Niacin
=

Omega-3 fatty acids
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. 4 A 22-year-old man comes to the emergency department with abdominal pain and vomiting. His symptoms began acutely 24 hours ago with
. 5 nausea and decreased appetite. His medical history is unremarkable. The patient drinks 3-4 beers a week and does not use tobacco or illicit
6 drugs. BMI is 37 kg/m2. Physical examination is notable for moderate epigastric tenderness with decreased bowel sounds but no rebound

. 7 tenderness, guarding, or abdominal rigidity. Fasting laboratory studies show a serum triglyceride concentration of 1,500 mg/dL (normal: <200
. 8 mg/dL}. Once the patient has been medically stabilized, which of the following medications would be most helpful in preventing recurrences of his
. a condition?
. 10 :

i A Atorvastatin [14%]
. 12 B. Cholestyramine [7%]

& C. Ezetimibe [6%]
. 14
.15 v D.  Fendfibrate [59%]

in E. Niacin [11%]
. 17

= F Omega-3 fatty acids [1%]
19
. 20
- 21 Omitted 4

_ ||| 59% 4 Seconds 12/31/2018

22 gorrec‘c SR Answered comectly Time Spent Last Updated

23
. 24
+ 25 Explanation
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4 Antihyperlipidemic medications
5
z Drug Mechanism Major lipid effects Side effects
7 | LDL Hepatotoxici
Statins + Inhibit HMG-CoA reductase S BRemGncy
8 | Triglycerides Muscle toxicity
Q ; g :
+ | Intestinal cholesterol + Hepatotoxicity if given with
T Ezetimibe + Intesti | LDL P hep yig
absorption statins
11
M . bloati i
i . . « Prevent reabsorption of bile aus.ea. od |ng: S
13 Bile acid sequestrants acide i the infestine 1 LDL Impaired absorption of drug
14 & fat-soluble vitamin
15 « | Fatty acid release L oL Flushing & pruritus
16 Niacin » | VLDL synthesis '+ HDL Hepatotoxicity
17 » | HDL clearance ' Hyperuricemia/gout
18
= Fibiates « Activate PPAR-a 1] Triglycerides Muscle toxicity
: « | VLDL synthesis T HDL Gallstones
« 21 « | VLDL synthesis Triglycerides
Fish oil/lomega-3 fatty acids M ] y ) ) + TRy Fishy taste
22 + | Apolipoprotein B synthesis t HDL
& PPAR-a = peroxisome proliferator-activated receptor-alpha.
24
25 This patient most likely has acute pancreatitis due to severe hypertriglyceridemia. Small quantities of pancreatic lipase normally leak into the
26 pancreatic capillaries, where they can metabolize triglycerides to free fatty acids, which have toxic and inflammatary effects on the pancreas.
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« | Triglycerides
« 1 HDL

« Fishy taste

« | Apolipoprotein B synthesis

PPAR-a = peroxisome proliferator-activated receptor-alpha.

This patient most likely has acute pancreatitis due to severe hypertriglyceridemia. Small quantities of pancreatic lipase normally leak into the
pancreatic capillaries, where they can metabolize triglycerides to free fatty acids, which have toxic and inflammatary effects on the pancreas.
The risk of pancreatitis rises with increasing triglyceride levels and is most significant when triglycerides are severely elevated (=1.000 mg/dL).

Triglycerides loosely reflect caloric balance; a calorie-restricted diet with increased exercise and reduced alcohol intake can provide a rapid and
significant drop in triglyceride levels. Lipid-lowering medications are also indicated for patients with moderate to severe hypertriglyceridemia.
Fibrates (eqg, fenofibrate, gemfibrozil) work by activating peroxisome proliferator-activated receptor-alpha (PPAR-a), which increases the synthesis
of lipoprotein lipase.

(Choice A) Although statins (eg, atorvastatin} are the preferred lipid-lowering agents for the prevention of cardiovascular disease, they only
modestly lower triglyceride levels and would be less effective than fibrates for preventing recurrent pancreatitis due to hypertriglyceridemia.

(Choices B and C) Bile acid-binding resins (eg, cholestyramine) work by binding bile acids in the gastrointestinal tract, subsequently interfering
with enterohepatic bile acid circulation. Ezetimibe selectively inhibits intestinal cholesterol absorption. These medications are used primarily for
the treatment of hypercholesterclemia.

(Choice E) Niacin decreases hepatic production of VLDLs and reduces triglyceride release from adipose tissue. |t has a weaker effect in lowering
triglycerides than fibrates and is associated with significant side effects, especially flushing.

(Choice F) Fish oil supplements containing omega-2 fatty acids lower triglyceride levels by decreasing the production of VLDLs. Fish oils
decrease serum triglycendes to a lesser degree than fibrates but may be added to fibrates in patients whose triglycende levels are not adequately
controlled with a fibrate alone.
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Tnglycernides locosely reflect calornic balance; a calone-restricted diet with increased exercise and reduced alcohol intake can provide a rapid and

Text Zoom

significant drop in triglyceride levels. Lipid-lowering medications are also indicated for patients with moderate to severe hypertriglyceridemia.
Fibrates (eg, fencfibrate, gemfibrozil) work by acfivating peroxisome proliferator-activated receptor-alpha (PPAR-a), which increases the synthesis
of lipoprotein lipase.

(Choice A) Although statins (eq, atorvastatin} are the preferred lipid-lowering agents for the prevention of cardiovascular disease, they only
modestly lower triglyceride levels and would be less effective than fibrates for preventing recurrent pancreatitis due to hypertriglyceridemia.

woe o~ h o W W

(Choices B and C) Bile acid-binding resins (eg, cholestyramine) work by binding bile acids in the gastrointestinal tract, subsequently interfering

. 10
i with enterohepatic bile acid circulation. Ezetimibe selectively inhibits intestinal cholesterol absorption. These medications are used primarily for
= the treatment of hypercholesterclemia.
13 (Choice E) Niacin decreases hepatic production of VLDLs and reduces triglyceride release from adipose tissue. |t has a weaker effect in lowering
. 14 triglycerides than fibrates and is associated with significant side effects, especially flushing.
+ 15 (Choice F) Fish oil supplements containing omega-3 fatly acids lower triglyceride levels by decreasing the production of VLDLs. Fish ocils
16 decrease serum triglycerides to a lesser degree than fibrates but may be added to fibrates in patients whose triglycende levels are not adequately
. controlled with a fibrate alone.
18
5 Educational objective:
: In patients with severe hypertriglyceridemia, pancreatic lipases can cause toxic levels of free fatty acids to be released within the pancreatic
. 20 : ; 5 ; ; : ; ;
tissue, leading to acute pancreatitis. Fibrates (eg, fenofibrate) are the most effective agents for the treatment of hypertriglyceridemia.
21
. 22
23 References
24 = Optimal pharmacologic approach to patients with hypertriglyceridemia and low high-density lipoprotein-cholesterol: randomized comparison

. 25 of fenofibrate 160 mg and niacin 1500 mag.

= Familial dyslipidaemias: an overview of genetics, pathophysiology and management.
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. 4 A 22-year-old woman comes to the emergency department due to fever and a sore throat. Her medical history is significant for Graves disease,
. 5 for which she recently began taking an antithyroid medication. The patient has no other medical conditions and does not use tobacco, alcohol, or
6 illicit drugs. She works as a teacher at an elementary school. Temperature is 38.9 C (102 F), blood pressure is 110/70 mm Hg, and pulse is

. 7 90/min. Physical examination shows an erythematous pharynx and a normal-sized thyroid. There is no tremor of the outstretched hands. Which
. 8 of the following is the most likely cause of this patient's current condition?
. 9 — : _

= () A Acute adrenal insufficiency

11 _ ) B. Drug-induced granulocyte destruction
. 12 — y : :

| C. Excessive thyroid suppression

13 e
. 14 _: D Thyroid hormone—-induced severe hypermetabolism
x 13 4 ) E. Viral destruction of neutrophils

16 =
. 17

-
L= o o]

« 20
- 21
. 22

23
- 24
« 25
- 26
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. 4 A 22-year-old woman comes to the emergency department due to fever and a sore throat. Her medical history is significant for Graves disease,
. 5 for which she recently began taking an antithyroid medication. The patient has no other medical conditions and does not use tobacco, alcohol, or
6 illicit drugs. She works as a teacher at an elementary school. Temperature is 38.9 C (102 F), blood pressure is 110/70 mm Hg, and pulse is

. 7 90/min. Physical examination shows an erythematous pharynx and a normal-sized thyroid. There is no tremor of the outstretched hands. Which
. 8 of the following is the most likely cause of this patient's current condition?
. 9 : _

= A Acute adrenal insufficiency [1%]

11 v B. Drug-induced granulocyte destruction [68%]
. 12 . ; .

C. Excessive thyroid suppression [5%]

13
. 14 D.  Thyroid hormone—induced severe hypermetabolism [3%]
v 13 E. Viral destruction of neutrophils [20%]

16
. 17

18
. 19 Omitted . ||| 58% 3 Seconds 11/04/2018
. 20 ;[’"Eﬁ ElLELES Answered comectly Time Spent Last Updated
. 21
. 23

23 Explanation
. 24
. 25 I .

Complications of Graves disease treatment

Block Time Remaining: 00:01:21 @ N - B
Feedback




LX Settings

1 M Item 21 of 36 )
.2 = Question id: 637 Pmar P:Eus hE: Tutorial Labé!lues N?:s Calculator Reve:Culor
. 3
. 4
. s Complications of Graves disease treatment
& Treatment Adverse effects

. Fi
- 8 Antithyroid drugs ' Agra_nulocytosm )
. B {iionanides) . Methma;ole: *.Ist—trlme.ster t.erai:}gen
o + Propylthiouracil: Hepatic failure

11 « Permanent hypothyroidism
. 12 Radioiodine ablation | « Worsening of ophthalmopathy

13 « Possible radiation side effects
s + Permanent hypothyroidism
. 15 Surgery « Risk of recurrent laryngeal nerve damage

a8 + Risk of hypoparathyroidism
17

18 Antithyroid drugs (eg, propylthiouracil [PTU], methimazole) inhibit thyroid peroxidase and are used to decrease thyroid hormone production in
. 19 patients with hyperthyroidism (eg, Graves disease). However, antithyroid drugs are associated with an increased risk for agranulocytosis,
. 20 typically in the first few months of therapy. This is an idiosyncratic and potentially life-threatening side effect of therapy and is likely due to both
. 21 immune-mediated effects (via generation of antineutrophil cytoplasmic antibodies) and direct bone marrow toxicity (via generation of reactive
. 72 oxygen species).

23 Patients with drug-induced agranulocytosis (absolute neutrophil count <500/mm?) are at risk for severe infection; oropharyngeal infection (eg,
. 24 fever, sore throat, oral ulcerations) is the most common initial manifestation, and sepsis can develop quickly thereafter. Complete blood count
25 with differential will show neutropenia without anemia or thrombocytopenia; bone marrow biopsy will reveal a reduction in granulocyte
- 26 precursors. Agranulocytosis is reversible on discontinuation of the drug.
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Antithyroid drugs (eg, propylthiouracil [PTU], methimazole) inhibit thyroid peroxidase and are used to decrease thyroid hormone production in
patients with hyperthyroidism (eg, Graves disease). However, antithyroid drugs are associated with an increased risk for agranulocytosis,
typically in the first few months of therapy. This is an idiosyncratic and potentially life-threatening side effect of therapy and is likely due to both
immune-mediated effects (via generation of antineutrophil cytoplasmic antibodies) and direct bone marrow taoxicity (via generation of reactive
oxygen species).

Patients with drug-induced agranulocytosis (absolute neutrophil count <500/mm?®) are at risk for severe infection; oropharyngeal infection (eg,
fever, sore throat, oral ulcerations) is the most comman initial manifestation, and sepsis can develop quickly thereafter Complete blood count
with differential will show neutropenia without anemia or thrombaocytopenia; bone marrow biopsy will reveal a reduction in granulocyte
precursors. Agranulocytosis is reversible on discontinuation of the drug.

{Choice A) Patients with autoimmune thyroid disease are at risk for other autoimmune endocrinopathies, including adrenal insufficiency.
However, acute adrenal crisis typically presents with refractory hypotension, vomiting, abdominal pain, and weakness.

(Choices C and D) Excessive suppression of thyroid function by antithyroid drugs leads to a hypothyroid state characterized by fatigue, weight
gain, cold intolerance, and hair and skin changes. Undertreatment would result in a residual hyperthyroid state, with anxiety, tachycardia, tremor,
and heat intolerance. Meither hyper- nor hypothyroidism typically present with a febrile pharyngeal infection.

(Choice E) A number of viruses can cause neutropenia, including HIV, viral hepatitis (A, B, C), and the herpesvirus group (varicella zoster virus,

Epstein-Barr virus, cytomegalovirus, human herpesvirus-6). However, the recent initiation of an antithyroid drug makes drug-induced
agranulocytosis more likely.

Educational objective:
Agranulocytosis is a serious complication of antithyroid drugs (eg, methimazole, propylthiouracil) that results from drug-induced granulocyte
destruction and consequent neutropenia. Initial manifestations often include fever, sore throat, and oral ulcerations. If drug-induced

agranulocytosis is suspected, the drug sheould be discontinued immediately and a complete blood count with differential should be obtained to help

@ Feedback

confirm the diagnosis.
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A 46-year-old woman comes to the clinic due to 3 days of urinary urgency, frequency, and dysuria. Past medical history is notable for type 2
diabetes mellitus, for which she takes metformin and glipizide. In addition to showing signs of cystitis, her urinalysis is positive for glucose. The
patient is treated for her urinary tract infection and advised to check fingerstick capillary glucose levels frequently. At a follow-up appointment,
fasting glucose readings average 105 mg/dL, but postprandial readings are frequently =190 mg/dL. Hemoglobin Alc is 8.3%. After adding
repaglinide, the patient's glycemic control improves significantly, as reflected by a decreased HbA1c. Which of the following is the molecular target
of this medication?

( ) A Intracellular mitochondrial enzymes
Intracellular nuclear receptors

IWMembrane ion channels

B
C
) D. Surface adenylate cyclase-coupled receptors
E. Surface membrane-bound enzymes
E

Surface tyrosine kinase receptor

Block Time Remaining: 00:01:23

@ Feedback Suspend End Block



LX Settings

L M — tem 22 of 36 <] > 7 Al
. 2 = Question Id: 606 ?Mark Previous  MNext Tutorial Lab Values Notes Calculator  ReverseColor .4 -0-0
. 3
. 4 A 46-year-old woman comes to the clinic due to 3 days of urinary urgency, frequency, and dysuria. Past medical history is notable for type 2
. 5 diabetes mellitus, for which she takes metformin and glipizide. In addition to showing signs of cystitis, her urinalysis is positive for glucose. The
6 patient is treated for her urinary tract infection and advised to check fingerstick capillary glucose levels frequently. At a follow-up appointment,

. 7 fasting glucose readings average 105 mg/dL, but postprandial readings are frequently =190 mg/dL. Hemoglobin Alc is 8.3%. After adding
. 8 repaglinide, the patient's glycemic control improves significantly, as reflected by a decreased HbA1c. Which of the following is the molecular target
. a of this medication?
. 10 : E

i A Intracellular mitochondrial enzymes [2%]
. 12 B. Intracellular nuclear receptors [18%]

12 v C. Membrane ion channels [44%]
. 14
. 15 D.  Surface adenylate cyclase-coupled receptors [9%]

L E. Surface membrane-bound enzymes [8%]
17

= F  Surface tyrosine kinase receptor [15%]
. 14
. 20
- 21 Omitted i -

_ ||| 44% 4 Seconds 08/22/2018

- 22 gorrec‘c SR Answered comecty Time Spent Last Updated

23
. 24
+ 25 Explanation
.« 26
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Non-insulin agents for type 2 diabetes mellitus treatment

Agent Mechanism of action Side effects
Insulin
secretagogues Increases insulin secretionby | , yooaivcemia
« Sulfonylureas inhibiting B-cell Kare channels | , \weight gain
« Meglitinides
Biguanides Stimulates AMPK, decreasing
glucose production & insulin Lactic acidosis
* Metformin resistance

Thiazolidinediones

* Pioglitazone

Activates transcription
regulator PPAR-y, decreasing
insulin resistance

Fluid retention/heart
failure

« Rosiglitazone Weight gain
GLP-1 agonists Increases glucose-dependent
insulin secretion, decreases
« Exenatide glucagon secretion, delays Pancreatitis
» Liraglutide gastric emptying
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- 3 i insulin resistance . ; -
3 . ROSIghtaZOne - w,e|ght ga|n
. 5
= GLP-1 agonists !ncrgases glupose-dependent
% insulin secretion, decreases
= « Exenatide glucagon secretion, delays * Pancreatitis
. 10 T
DPP4 inhibitors
1 Increases endogenous GLP-1
- 12 ¢ Sitagliptin & GIP levels + Nasopharyngitis
13 + Saxagliptin
. 14 o
a-glucosidase
. 15 = .
inhibitors ; :
7= R‘_educes {ntestlnal _ s Diarrhea
T e Acarbose disaccharide absorption « Flatulence
= « Miglitol
- 19 SGLT2 inhibitors
. 20 . Canadifiosin Increages renal glucose « Urinary tract infections
» Dapagliflozin
. 22
&3 AMPK = adenosine monophosphate-activated protein kinase;, DPP4 = dipeptidyl-peptidase 4;
. 24 GIP = gastric inhibitory polypeptide; GLP-1 = glucagon-like peptide 1;
25 PPAR-y = peroxisome proliferator activated receptor y; SGLT2 = sodium glucose cotransporter 2
’ ©UwWorld
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. 4 PPAR-y = peroxisome proliferator activated receptor y; SGLT2 = sodium glucose cotransporter 2
. s ©UWorld
6 Meglitinides (eg, repaglinide, nateglinide) are short-acting glucose-lowering medications. They are functionally similar to sulfonylureas and act by

. 7 binding to and closing the ATP-dependent K* channel in the pancreatic beta cell membrane, inducing depolarization and L-type calcium channel
. 8 opening. The increased Ca®* influx stimulates beta cell insulin release.
x 2 Compared with sulfonylureas, meglitinides have similar efficacy. Their short half-life requires frequent dosing, typically with each meal, but may
2 40 reduce the risk of hypoglycemia. Meglitinides are well-suited for patients who have significant postprandial glucose excursions. Weight gain is a

= common side effect.
12

i3 (Choice A) Metformin inhibits the mitochondnial enzymes required for gluconeogenesis, helping to reduce glucose levels by impairing hepatic

= glucose production. It also increases peripheral glucose uptake.
. 15 (Choice B) Thiazolidinediones (eg, pioglitazone) decrease insulin resistance by binding to peroxisome proliferator-activated receptor gamma

16 (PPAR-y), a transcriptional regulator of genes involved in glucose and lipid metabolism.
44 (Choice D) Glucagon-like polypeptide-1 (GLP-1) is secreted by intestinal L cells in response to food intake and regulates glucose by decreasing

L gastric emptying and increasing insulin release. GLP-1 acts through cell surface receptors that are coupled with a G protein-adenylyl cyclase
. 19 system. Long-acting GLP-1 agonists (eg, exenatide) are second-line agents used in patients with suboptimal glucose control.
« 20

i (Choice E) Alpha-glucosidase inhibitors (AGls), such as acarbose and miglitol, decrease the activity of disaccharidases on the intestinal brush

= border. Because carbohydrates are absorbed as monosaccharides, the inhibition of disacchande breakdown by AGls delays carbohydrate
: absorption.

23
. 24 (Choice F) Insulin acts by binding to a cell-surface receptor consisting of 2 alpha and 2 beta subunits. The alpha subunits are located
. 75 extracellularly and provide binding sites for insulin; the membrane-spanning beta subunits contain the intracellular tyrosine kinase domains.
. 26 Educational objective: -
27
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- 3 common side effect. -
. 4
5 (Choice A) Metformin inhibits the mitochondnal enzymes required for gluconeogenesis, helping to reduce glucose levels by impaining hepatic

' - glucose production. It also increases peripheral glucose uptake.
. 7 (Choice B) Thiazolidinediones (eg, pioglitazone) decrease insulin resistance by binding to peroxisome proliferator-activated receptor gamma
. 8 (PPAR-y), a transcriptional regulator of genes involved in glucese and lipid metabolism.
9 (Choice D) Glucagon-like polypeptide-1 (GLP-1) is secreted by intestinal L cells in respanse to food intake and regulates glucose by decreasing
» 10 gastric emptying and increasing insulin release. GLP-1 acts through cell surface receptors that are coupled with a G protein-adenylyl cyclase

11 system. Long-acting GLP-1 agonists (eg, exenatide) are second-line agents used in patients with suboptimal glucose cantral.
. 12

i3 (Choice E) Alpha-glucosidase inhibitors (AGls), such as acarbose and miglitol, decrease the activity of disaccharidases on the intestinal brush

border. Because carbohydrates are absorbed as monosaccharides, the inhibition of disaccharide breakdown by AGls delays carbohydrate

i absorption.
.« 15

15 (Choice F) Insulin acts by binding to a cell-surface receptor consisting of 2 alpha and 2 beta subunits. The alpha subunits are located
. 17 extracellularly and provide binding sites for insulin; the membrane-spanning beta subunits contain the intracellular tyrosine kinase domains.

18 Educational objective:
« 19 Meglitinides are short-acting glucose-lowering medications that act by closing the ATP-dependent K* channel in the pancreatic beta cell
. 20 membrane, inducing depolarization and stimulating insulin release. Meglitinides are usually given with meals and can reduce postprandial glucose
<21 EXCUrsions.
. 22

&3 References
. 24

i « The role of nateglinide and repaglinide, derivatives of meglitinide, in the treatment of type 2 diabetes mellitus.
5 26 Copyright @ UWorld. All ights reserved -
. 27
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A 21-year-old man comes to the emergency department due to several days of dizziness and extreme fatigue. He has been drinking a lot of water
and urinating more than usual for the past 2 weeks. He developed nausea and vomiting a day ago and has had difficulty keeping food and liquids
down. The patient has no other medical problems and takes no medications. He does not use tobacco, alcohol, or illicit drugs. His blood
pressure is 90/60 mm Hg, pulse is 120/min, and respirations are 20/min. The patient's urine is positive for glucose and ketones. He is started on
intravenous fluids and an intravenous infusion of recombinant human insulin without any amino acid modification. The same type of insulin will be
used subcutaneously in the long-term management of this patient. Which of the following drug concentration curves is most likely to be obtained
following subcutaneous administration of this insulin?

Plasma insulin levels
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Pharmacokinetic profiles of common insulin preparations

Aspart, lispro, glulisine
% Regular
=
o
=
o
wy
£
g Detemir
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|
0 2 4 6 8 10 12 14 16 18 20 22 24
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©®UWorld

This patient's vomiting, volume depletion, glucosuria, and ketonuria are consistent with diabetic ketoacidosis (DKA). DKA is treated with an
intravenous infusion of regular insulin that begins to lower serum glucose and ketone levels within minutes of administration. Regular insulin has
a half-life of 5 minutes, allowing rapid adjustment of the infusion rate based on glucose levels.

Regular insulin can also be used subcutaneously in the long-term management of diabetes, usually in combination with a long-acting insulin
analog. (Regular insulin and neutral protamine Hagedorn [NPH] are the only human recombinant insulins without any amino acid maodification. All
other preparations are properly referred to as insulin analogs.) When given subcutaneously, regular insulin starts working within 30 minutes,
a Feedback
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: 2 intravenous infusion of regular insulin that begins to lower serum glucose and ketone levels within minutes of administration. Regular insulin has =
= a half-life of 5 minutes, allowing rapid adjustment of the infusion rate based on glucose levels.
. 3
= Regular insulin can also be used subcutanecusly in the long-term management of diabetes, usually in combination with a long-acting insulin
- analog. (Regular insulin and neutral protamine Hagedorn [NPH] are the only human recombinant insulins without any amino acid madification. All
z other preparations are properly referred to as insulin analogs.) When given subcutaneously, regular insulin starts working within 30 minutes,
5 peaks in 2-4 hours, and lasts 5-8 hours. Subcutanecus regular insulin should not be used in patients with DKA as they are usually volume
' T depleted and have erratic subcutaneous absorption.
11 (Choice A) Insulin lispro, aspart, and glulisine are rapid-acting insulin analogs. Due to various amino acid modifications, they do not polymerize
. 12 into hexamers like regular insulin, allowing them to be absorbed rapidly after subcutaneous injection. They have an onset of action of about 15
13 minutes and peak in 45-75 minutes. These analogs are not usually given intravenously, as their kinetics via this route are the same as regular
. 14 insulin and they are more expensive.
« 15 (Choice C) NPH insulin is an intermediate-acting insulin composed of a crystalline suspension of insulin with protamine and zinc. This delays
18 absorption of insulin from the subcutanecus injection site. NPH usually starts working within 2 hours, peaks in 4-12 hours, and lasts about 18
T hours.
18 = o e : 2 : ; : ; . : :
(Choice D) Detemir is a long-acting insulin analogue with a fatty acid bound to one of the lysine amino acids on the insulin molecule. This fatty
13 acid side chain allows detemir to bind to albumin and slowly dissociate, resulting in prolonged action. It usually starts waorking within 2 hours,
5l peaks between 3-9 hours, and lasts up to 24 hours.
21
. (Choice E) Glargine is an insulin analog with a long duration of action. Glargine has a pH of 4 and forms a microprecipitate in the subcutaneous

tissue after injection, resuiting in a very slow release of insulin.  Glargine lasts about 24 hours and does not have a pronounced peak.

. 24 Educational objective:

« 25 Diabetic ketoacidosis is initially treated with an intravenous infusion of regular insulin. When given subcutaneously, regular insulin starts working
. 26 within 30 minutes, peaks in 2-4 hours, and lasts 5-8 hours.
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. 4 A nuclear waste disposal plant suffers a containment failure and several grams of iodine-131 are released into the local environment. A number of
. 5 workers are believed to have been exposed to dangerous levels of the radioactive material. Which of the following should be immediately
6 administered to help prevent tissue damage in these individuals?
v 7
N _) A Levothyroxine
.9 () B. Potassium iodide
. 10 - |
) C. Prednisone

11
. 12 () D. Propranolol

12 E. Propylthiouracil
. 14
.« 15

16

18
19
. 20
21
. 22

23
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. 3
. 4 A nuclear waste disposal plant suffers a containment failure and several grams of iodine-131 are released into the local environment. A number of
. 5 workers are believed to have been exposed to dangerous levels of the radioactive material. Which of the following should be immediately
6 administered to help prevent tissue damage in these individuals?
. Fi
Z A Levothyroxine [6%]
- 9 v B. Potassium iodide [67%]
. 10 :
i C. Prednisone [1%]
. 12 D. Propranoclol [1%]
12 E_ Propylthiouracil [23%]
. 14
. 15
16
. 17 s Iy 7% 3 Seconds 09/18/2018
18 gorrect G Answered commectly Time Spent Last Updated
19
. 20
« 21 Explanation
. 23
23
Thyroid hormone inhibition
Thyroid follicular cell Colloid

Block Time Remaining: 00:01:35 @ N - B
Feedback




1 S — Item 24 of 36 v <= = ? & =2 4 |

= Question Id: 767 Previous  Next Tutorial  Lab Values MNotes Calculator  ReverseColor .45 .0

Thyroid hormone inhibition

Blood Thyroid follicular cell Colloid
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T3 = triiodothyronine; T4 = thyroxine. ©UWorld

23

Radioactive material such as iodine-131 ('*'l) can be released into the environment following nuclear reactor accidents, breach-of-containment at
waste disposal sites, or atomic bomb blasts. Like non-radioactive iodine, 'l is preferentially taken up and concentrated within the thyroid gland.
. 25 There it can cause significant tissue damage that may result in radiation-induced hypothyroidism and thyroid carcinema (particularly in younger
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Radioactive material such as iodine-131 (*'l) can be released into the environment following nuclear reactor accidents, breach-of-containment at
waste disposal sites, or atomic bomb blasts. Like non-radioactive iodine, 'l is preferentially taken up and concentrated within the thyroid gland.
There it can cause significant tissue damage that may result in radiation-induced hypothyroidism and thyroid carcinoma (particularly in younger
patients). In the event of a nuclear accident, potassium iodide is given prophylactically to protect the thyroid from excessive accumulation of
radioactive 1.

Energy-dependent transport of inorganic iodide into the thyroid follicular cell {iodide trapping) is accomplished by the sodium-iodide symporter
located on the basclateral membrane. Because this transporier takes up all isotopes of iodide {as well as other ions such as perchlorate and
pertechnetate), high serum levels of nonradioactive iodide can competitively inhibit radioactive I'*! from entering thyroid follicular cells. Large
increases in serum iodide levels also inhibit iodine organification (Wolff-Chaikoff effect) and reduce thyroid hormone release.

(Choice A) Levothyroxine is a synthetic form of T4 used to treat hypothyroidism. High doses of levaothyroxine suppress TSH, just as high
amounts of natural T4 would. Because TSH stimulates iodine trapping, high doses of levothyroxine would ultimately reduce iodine uptake in the
thyroid follicular cells. However, this regulatory process requires several days to weeks to take effect.

(Choices C and D) Propranolol is used to reduce the adrenergic effects of thyrotoxicosis (eg, tachycardia, tremor). Prednisone is used to reduce
lymphocyte-mediated inflammatory effects in Graves ophthalmopathy. However, neither propranclol nor prednisone affects the uptake of iodine in
thyroid follicular cells.

(Choice E) Propylthiouracil is used in the treatment of hyperthyroidism and decreases formation of thyroid hormone by inhibiting the enzyme
thyroid peroxidase. Although inhibition of iodine arganification will cause decreased iodide uptake by the thyroid, potassium iodide promotes this
effect more rapidly and efficiently by also acting as a competitive inhibitor for iodide entry into the cell.

Educational objective:
Potassium iodide competitively inhibits thyroid uptake of radioactive iodine isotopes and is often administered following nuclear accidents to
protect the thyroid and prevent development of radiation-induced thyroid carcinoma.
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. 3
. 4 A 46-year-old man comes to the office to follow up mixed hyperlipidemia. His lipid levels have progressively worsened over the last 10 years
. 5 associated with gradual weight gain. In the last 6 months, the patient has attempted to modify his diet and exercise regimen, but his lipid levels
6 have not improved. Past medical history is unremarkable, and he currently takes no medications. The patient does not use tobacco, alcohol, or
. 7 illicit drugs. Blood pressure is 130/86 mm Hg, pulse is 76/min, and BMI is 28 kg/m?. Cardiovascular examination is normal. Which of the
. 8 following drugs, when used as monotherapy, would be mast likely to increase triglyceride levels in this patient?
. 9 — :
() A Atorvastatin
. 10
11 _ ) B. Cholestyramine
. 12 — S
)} C. Ezetimibe
13 -
. 14 ) D. Gemfibrezil
x 13 () E. Niacin
16 =
. 17
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. 4 A 46-year-old man comes to the office to follow up mixed hyperlipidemia. His lipid levels have progressively worsened over the last 10 years
. 5 associated with gradual weight gain. In the last 6 months, the patient has attempted to modify his diet and exercise regimen, but his lipid levels
6 have not improved. Past medical history is unremarkable, and he currently takes no medications. The patient does not use tobacco, alcohol, or

. 7 illicit drugs. Blood pressure is 130/86 mm Hg, pulse is 76/min, and BMI is 28 kg/m?. Cardiovascular examination is normal. Which of the
. 8 following drugs, when used as monotherapy, would be mast likely to increase triglyceride levels in this patient?
. 9
G A Atorvastatin [6%]

11 v B. Cholestyramine [47%]
. 12 g

C. Ezetimibe [13%

13
. 14 D. Gemfibrozil [16%]
13 E. Niacin [15%]

16
. 17

18
. 19 Cmre:janser Iy 47% 4 Seconds 01/31/2019
. 20 B " Answered comectly Time Spent Last Updated
21
. 23

23 Explanation
. 24

25

Antihyperlipidemic agents
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Bile acid-binding resins (eg, cholestyramine, colestipol, colesevelam) work by binding bile acids in the gastrointestinal tract, inhibiting
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. 4 Bile acids
v 3 Terminal ileum
6 © UWorld
: £ Bile acid-binding resins (eg, cholestyramine, colestipol, colesevelam) work by binding bile acids in the gastrointestinal tract, inhibiting
= 8 enterchepatic circulation. This leads to diversion of hepatic cholesteral to synthesis of new bile acids, increased uptake of LDL cholesterol from
. 9

the circulation, and reduced blood LDL levels.

. 10
i The main side effects of bile acid-binding resins are gastrointestinal upset and impaired absorption of nutrients and drugs. In addition, bile acid-
s binding resins increase hepatic production of triglycerndes and increase the release of triglyceride-heavy VLDL particles into the circulation, leading

' i3 to hypertriglyceridemia.

. 14 (Choice A) Statins cause modest reductions in triglyceride levels by decreasing synthesis and increasing clearance of VLDL particles.

» 15 (Choice C) Ezetimibe selectively inhibits the intestinal absorption of cholesterol and lowers LOL levels. Ezetimibe does not affect triglyceride
16 absorption but may lower blood triglyceride levels slightly.

. 17
= (Choice D) Fibrates (eg, gemfibrozil, fenofibrate) inhibit hepatic production of triglycerides and are first-line treatments for hypertriglyceridemia.

. 19 (Choice E) Niacin reduces blood triglyceride levels, raises HDL levels, and decreases VLDL conversion to LDL, thereby decreasing LDL

. 20 concentrations as well.

&l Educational objective:

Gss Bile acid-binding resins inhibit the enterohepatic circulation of bile acids. This leads to diversion of hepatic cholesterol to synthesis of new bile
23 acids, increased uptake of cholesterol from the circulation, and reduced blood LDL levels. However, bile acid-binding resins increase hepatic

. 24

production of triglycerides and can cause hypertriglycendemia.

25

Copyright © L'World. All rights reserved
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. 4 A 57-year-old woman comes to the office due to left breast pain associated with fatigue, nausea, and unexplained weight loss. She is referred for
. 5 mammography, which reveals a 3-cm dominant mass in the left breast. Biopsy confirms the mass to be adenocarcinoma, and subsequent studies
5 find that the tumor iIs estrogen receptor-positive and human epidermal growth factor receptor 2- (HER2) negative. The patient experienced

. 7 menopause at age 52, and her past medical history is otherwise unremarkable. Anastrozole treatment is initiated and leads to a substantial
. 8 decrease in the size of the primary tumar. Which of the following is the best explanation for the therapeutic effect of this agent?
. 9 =
G A Decreased androgen aromatization

11 B. Decreased androgen synthesis
: :z f\ C. Decreased follicular cell stimulation
. 14 ) D. Impaired ligand-receptor interaction
» 15 /‘ E. Impaired second-messenger action

16
. 17

. | submit |
. 14
. 20
21
. 23

23
. 24
. 25

26
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. 4 A 57-year-old woman comes to the office due to left breast pain associated with fatigue, nausea, and unexplained weight loss. She is referred for
. 5 mammography, which reveals a 3-cm dominant mass in the left breast. Biopsy confirms the mass to be adenocarcinoma, and subsequent studies
6 find that the tumor is estrogen receptor-positive and human epidermal growth factor receptor 2- (HERZ2) negative. The patient experienced

. 7 menopause at age 52, and her past medical history is otherwise unremarkable. Anastrozole treatment is initiated and leads to a substantial
. 8 decrease in the size of the primary tumar. Which of the following is the best explanation for the therapeutic effect of this agent?
. 9 =

= v A Decreased androgen aromatization [70%]

11 B. Decreased androgen synthesis [9%]
. 12 : : .

C. Decreased follicular cell stimulation [3%]

13
. 14 D.  Impaired ligand-receptor interaction [14%]
x 13 E. Impaired second-messenger action [2%]

16
. 17

18
. 19 s Iy 70% 3 Seconds 08/26/2018
. 20 iorrect ElLELES Answered comectly Time Spent Last Updated
. 21
. 23

23 Explanation
. 24
. 25 .

s Estrogen synthesis
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. 4 &
- Estrogen synthesis
il Cholesterol
. 7 ¢
. 8
. 0 Pregnenolone
» 10 ¢
11
17-hydroxy-pregnenclone
12
13 4'
- 14 DHEA —» Androstenedione ——» Testosterone
« 15
16
Aromatase
17
18
. 19 Estrone —  Estradiol
« 20
: 21 DHEA = dehydroepiandrosterone. ©UWorld
22
i3 Estrogens are synthesized primanly by the aromatization of androgens. Aromatase belongs to the P450 superfamily and is highly expressed in
ovarian tissue (in which expression is gonadotropin dependent) Aromatase is also expressed in the adrenal cortex, subcutaneous fat, and
- 24 ; : : ;
breast. In the postmenopausal state, follicular atresia leads to reduced numbers of granulosa cells and decreased ovarian estrogen synthesis.
’ 2 However, the ovaries and adrenal glands continue to produce androgens in significant quantities, and extraovarian aromatase maintains a low
i level of estrogen in the peripheral circulation. -
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£ o avarian tissue (in which expression is gonadotropin dependent) Aromatase is also expressed in the adrenal cortex, subcutaneous fat, and =
= 4 breast. In the postmenopausal state, follicular atresia leads to reduced numbers of granulosa cells and decreased ovanan estrogen synthesis.
! 5 However, the ovanes and adrenal glands continue to produce androgens in significant quantities, and extraovarian aromatase maintains a low
6 level of estrogen in the peripheral circulation.
. Fi
= Estrogen is the main hormone driving the growth and development of estrogen receptor (ER)-positive malignant breast tumors. Aromatase
' 8 inhibitors (eg, anastrozole, letrozole, exemestane) reduce the synthesis of estrogen from androgens, suppressing estrogen levels in
’ postmenopausal women and slowing progression of ER-positive tumors. They are less effective as monotherapy in premenopausal women,
. 10 ; : s :
as ovarian aromatase is upregulated substantially in response to gonadotropins.
11
. 12 (Choice B) Although inhibition of androgen synthesis could theoretically decrease estrogen synthesis, most androgen synthesis inhibitors (eg,
13 ketoconazole) are nonspecific and suppress other pathways of steroidogenesis (eg, cortisol, mineralocorticoid).
14 (Choice C) Pulsatile stimulation of the pituitary by gonadotropin-releasing hormone (GnRH) increases secretion of LH and FSH. However,
« 15 continuous GnRH stimulation by long-acting GnRH analogs (eg. goserelin) suppresses LH and F5H release, decreasing production of estrogens
16 in the ovarian follicle. These agents are useful for ovarian suppression in premenocpausal women with ER-positive breast cancer
. 17 : : : : : : : . ’
(Choice D) Tamoxifen acts as either an antagonist or a partial agonist of the estrogen receptor, depending on the tissue. In breast tissue,
L tamoxifen antagonizes the estrogen receptor and can be used as adjuvant therapy for ER-positive breast cancer.
. 14
. 20 (Choice E) Many breast cancers overexpress epidermal growth factor receptor 2 (HER2). Trastuzumab is a monoclonal antibody against HER2
. 21 that is used in patients with HER2-positive tumors. It inhibits MAPK and PI3K/AKL signaling pathways, increases degradation of HER2, and
29 facilitates antibody-mediated destruction of tumor cells.
23 Educational objective:
. 24 Estrogen is the main hormone responsible for the growth and development of estrogen receptor (ER)-positive breast tumors. Aromatase inhibitors
. 25 {eg, anastrozole, letrozole, exemestane) decrease the synthesis of estrogen from androgens, suppressing estrogen levels and slowing
progression of ER-positive tumors.

Block Time Remaining: 00:01:42 [;3 N - B
Feedback




LX Settings

L o — Item 27 of 36 =] B ? Al
- 2 = Question Id: 15303 ?Ma’k Previous  MNext Tutorial  Lab Values Notes Calculator  ReverseColor o4 > o0
. 3
. 4 A 29-year-old nulligravid woman comes to the office due to a 2-month history of worsening bilateral nipple discharge that stains her bra. The
. 5 patient has felt no breast mass and has had no breast pain, headaches, or vision changes. Her last menstrual period was 3 months ago, and
6 home pregnancy tests have been negative. Previously, she had regular menstrual cycles at 28-day intervals. The patient has no other medical

. 7 conditions and takes no medications. Vital signs are within normal limits. On physical examination, visual fields are intact by confrontation. A
. 8 whitish fluid can be expressed bilaterally on nipple compression. There are no breast masses or lymphadenopathy. Pelvic examination reveals no
. a abnormalities. Serum beta-hCG testing is negative. Brain imaging shows a 0.6-cm pituitary mass. Pharmacotherapeutic treatment is begun, and
. 10 on a follow-up visit the patient reports that her symptoms are improving. Which of the following is the most likely mechanism of action of this

11 medication?
. 12 s

( )} A Increased estrogen effect on the pituitary

13
. 14 ', B. Inhibition of gonadotropin-releasing hormaone secretion
13 ) C. Inhibition of hypothalamic dopaminergic neurons

16 5
. 17 § \ D Stimulation of pituitary dopamine receptors

18 | E. Stimulation of thyrotropin-releasing hormone receptors
. 14
. 20
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. 4 A 29-year-old nulligravid woman comes to the office due to a 2-month history of worsening bilateral nipple discharge that stains her bra. The
. 5 patient has felt no breast mass and has had no breast pain, headaches, or vision changes. Her last menstrual period was 3 months ago, and
6 home pregnancy tests have been negative. Previously, she had regular menstrual cycles at 28-day intervals. The patient has no other medical

. 7 conditions and takes no medications. Vital signs are within normal limits. On physical examination, visual fields are intact by confrontation. A
. 8 whitish fluid can be expressed bilaterally on nipple compression. There are no breast masses or lymphadenopathy. Pelvic examination reveals no
. a abnormalities. Serum beta-hCG testing is negative. Brain imaging shows a 0.6-cm pituitary mass. Pharmacotherapeutic treatment is begun, and
. 10 on a follow-up visit the patient reports that her symptoms are improving. Which of the following is the most likely mechanism of action of this

11 medication?
. 12 e

i3 A Increased estrogen effect on the pituitary [1%]
. 14 B. Inhibition of gonadotropin-releasing hormaone secretion [4%]
13 C. Inhibition of hypothalamic dopaminergic neurons [8%]
. :j v D Stimulation of pituitary dopamine receptors [84%]

18 E. Stimulation of thyrotropin-releasing hormone receptors [1%]
. 14
. 20
21 T
. 22 e |y B4% 3 Seconds 08/22/2018

55 D “ Answered comectly Time Spent Last Updated
. 24
« 25
. 2% Explanation
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0 4 Prolactinoma overview
. 5 : = =
« Premenopausal women: Oligomenorrhea/amenorrhea, infertility, galactorrhea,
a Clinical hot flashes, decreased bone density
! £ features + Postmenopausal women: Wass-effect symptoms (headache, visual field defects)
w8 « Men: Infertility, decreased libido, impotence, gynecomastia
. 9
« Serum prolactin (often =200 ng/mL
» 10 Laboratory/ & ( ) _g ) . L .
: : « Tests to rule out renal insufficiency (creatinine) & hypothyroidism (TSH, thyroxine)

11 imaging B
T « MRI of the brain/pituitary

13 « Dopamine agonist (cabergoline

Treatment P 9 ] ( 9 )

- 14 + Trans-sphenoidal surgery
. 15

15 Galactorrhea is abnormal secretion of breast milk not associated with pregnancy or breastfeeding. It is most commonly due fo excess prolacting

17 which directly stimulates milk secretion in the breasts. Pituitary lactotroph adenomas (prolactinomas) can cause very high prolactin levels and

T are a common cause of galactorrhea.
. 19 Unlike most pituitary hormones, which are under positive regulation by releasing hormones from the hypothalamus, prolactin is primarily under
. 20 negative regulation by hypothalamic dopaminergic neurons via the pituitary stalk. Because of the tonic inhibitory effect of dopamine on prolactin
. 21 secretion, dopamine agonists (eg, cabergoline, bromocriptine) can be used to treat hyperprolactinemia. Dopamine agonist therapy reduces
. 27 adenoma size, suppresses prolactin production, and, in patients with small (<1 cm, as in this patient) prolactinomas and no mass-effect symptoms

23 (eg, headache, visual field defects), can often induce a prolonged clinical response.
. 24 (Choices A and C) Estrogen stimulates prolactin gene transcription and secretion. Strongly estrogenic medications (eg, birth control pills) can
25 potentially worsen rather than alleviate galactorrhea. Dopamine antagonists (eg, antipsychotics) directly increase prolactin secretion and also can
.« 26

warsen galactorrhea.
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. 4 Galactorrhea is abnormal secretion of breast milk not associated with pregnancy or breastfeeding. It is most commonly due fo excess prolacting
. 5 which directly stimulates milk secretion in the breasts. Pituitary lactotroph adenomas (prolactinomas) can cause very high prolactin levels and
5 are a common cause of galactorrhea.

: 7 Unlike most pituitary hormones, which are under positive regulation by releasing hormones from the hypothalamus, prolactin is primarily under
. 8 negative regulation by hypothalamic dopaminergic neurons via the pituitary stalk. Because of the tonic inhibitory effect of dopamine on prolactin
- 9 secretion, dopamine agonists (eg, cabergoline, bromocriptine) can be used to treat hyperprolactinemia. Dopamine agonist therapy reduces
. 10 adenoma size, suppresses prolactin production, and, in patients with small (<1 cm, as in this patient) prolactinomas and no mass-effect symptoms

11 (eg, headache, visual field defects), can often induce 2 prolonged clinical response.
w4 (Choices A and C) Estrogen stimulates prolactin gene transcription and secretion. Strongly estrogenic medications (eqg, birth control pills) can

12 potentially worsen rather than alleviate galactorrhea. Dopamine antagonists (eg, antipsychotics) directly increase prolactin secretion and also can
i warsen galactorrhea.
: :Z (Choice B) Hyperprolactinemia causes amenocrrhea in women due to the inhibitory effect of prolactin on hypothalamic GnRH release.
P Dopaminergic medications suppress prolactin secretion and can restore normal GnRH secretion.

18 (Choice E) Thyrotropin-releasing hormone (TRH) stimulates secretion of prolactin by lactotrophs, although its role in regulating prolactin release
. 19 is secondary to the inhibition of prolactin secretion by dopamine. Factors that increase TRH release would worsen hyperprolactinenia.
5l Educational objective:
&l Galactorrhea is abnormal secretion of breast milk not associated with pregnancy or breastfeeding. It is most commonly due to excess prolactin,
Gss as seen in prolactin-secreting pituitary adenomas. Prolactin is under negative regulation by hypothalamic dopaminergic neurons, and dopamine

23 agonists can be used to treat hyperprolactinemia.
. 24
. 25

References

.« 26

Block Time Remaining: 00:01:45 Esa N - B
Feedback




& — b
LX Settings

1 = — [tem 27 of 36 - P {:] [:_}- ? i‘ = ' -I a
. 2 = Question Id: 15303 Mark  previous Next Tutorial  Lab Values Notes Calculator  ReverseColor o700
. 3
. a4 Exhibit Display
. 5 Prolactin

[
R 7 Antpsychobcs

TRH vIP Dopamine l_
Anbdepressants

. 8 Hypothatamus. _____‘_‘_-___‘——-—' ——

Q

)

[
—

\

[
[¥%]

Supraseliar &
. 14 infuncibxiar lesons
« 15 »
16 Hypophyseal e
porial sysiem
17
18
. 19
Antenor —
20 pltuitany
21
22
Systemic
23 circulation
2 24 TRH = Pyrorogr meanng nemone WP - v aRoacwe FReTD pagrae Duveo
v 23 Zoom In Zoom Out Reset Add To Flash Card
» 20

Block Time Remaining: 00:01:




LX Settings

1 8 _  item 28 of 36 v = B ? & > vV g:A &
. 2 = Question Id: 548 ® VU Mark  previous  Next Tutorial  LabValues  Notes  Calculator ReverseColor 1. >o "
. 3
. 4 A 47-year-old woman comes to the office for follow up of an asthma exacerbation. The pafient was recently hospitalized and required a prolonged
. 5 period of mechanical ventilation as well as nebulized bronchadilators and intravenous glucocorticoids. Her symptoms improved, and she was
6 discharged on oral prednisone. The patient reports compliance with therapy. She has no other medical conditions and takes no other

. 7 medications. Blood pressure is 128/72 mm Hg, pulse is 85/min, and respirations are 18/min. On physical examination, there is mild expiratory
. 8 wheezing. Because of the persistent respiratory findings, the patient is continued on the same treatment regimen. Long-term administration of
. a this oral therapy is most likely to increase which of the following in this patient?
. 10 = ;

i () A, Adrenocortical cell number
. 12 ,, B. Dermal collagen synthesis

13 \_';‘; C. Expression of liver enzymes
. 14 B
T ( ) D. Lymphoid cell formation

16 ‘\'_:; E. Muscle protein synthesis
17 -

T , F.  Osteoblastic bone formation
. 14
. 20
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. 4 A 47-year-old woman comes to the office for follow up of an asthma exacerbation. The pafient was recently hospitalized and required a prolonged
. 5 period of mechanical ventilation as well as nebulized bronchadilators and intravenous glucocorticoids. Her symptoms improved, and she was
6 discharged on oral prednisone. The patient reports compliance with therapy. She has no other medical conditions and takes no other

. 7 medications. Blood pressure is 128/72 mm Hg, pulse is 85/min, and respirations are 18/min. On physical examination, there is mild expiratory
. 8 wheezing. Because of the persistent respiratory findings, the patient is continued on the same treatment regimen. Long-term administration of
. a this oral therapy is most likely to increase which of the following in this patient?
. 10 .

i A Adrenocortical cell number [11%]
. 12 B. Dermal collagen synthesis [13%]

12 v C. Expression of liver enzymes [46%]
. 14
. 15 D.  Lymphoid cell formation [9%]

L E. Muscle pratein synthesis [9%]
17

= F  Osteoblastic bone formation [10%]
. 14
. 20
- 2 Omitted o -

_ ||| 46% 4 Seconds 08/22/2018

22 gorrec‘c SR Answered comectly Time Spent Last Updated

23
. 24
+ 25 Explanation
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4 Effects of prolonged glucocorticoid therapy
. 5
« Lipolysis
6 Adipose i
- « Altered fat distribution
- 8 Adrenal cortex | =« Atrophy
. Q
7= Bone » Osteoporosis
11 « Suppression
Immune system )
. 12 + T-cell apoptosis
13 5 : ;
Liver » Increased gluconeogenesis & glycogenesis
14
. 15 Skeletal muscle | « Atrophy (glucocaorticoid myopathy)
i « Thinning
44 Skin . Stria
L « |Impaired wound healing
19
. 20 Glucocorticoids are potent stimulators of liver gluconeogenesis and upregulate the synthesis of key gluconeogenic enzymes (eg,
. 21 phosphoenolpyruvate carboxykinase, glucose-6-phosphatase). Glucocorticoids also increase hepatic glycogen reserves by increasing
. 272 expression of glycogen synthase, thereby improving glucose availability during periods of acute stress. The increased demand for metabolic
23 enzymes required for these actions leads to an overall increase in liver protein synthesis.
- 24 Peripherally, glucocorticoids antagonize the actions of insulin in skeletal muscle, favoring catabolism and proteclysis to provide substrates for
. 25 gluconeogenesis and glycogenesis in the liver (Choice E).  This effect can manifest as proximal muscle weakness (glucocorticoid myopathy). The
. 26 effect on adipose tissue is mixed, with lipolytic and antilipolytic effects, altered fat distribution (eg. central obesity, hypertrophy of the dorsocervical
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Glucocorticoids are potent stimulators of liver gluconeogenesis and upregulate the synthesis of key gluconeogenic enzymes (eq,
. 4 : e : : L .
phosphoenolpyruvate carboxykinase, glucose-6-phosphatase). Glucocorticoids also increase hepatic glycogen reserves by increasing
: G expression of glycogen synthase, thereby improving glucose availability during periods of acute stress. The increased demand for metabaolic
a enzymes required for these actions leads to an overall increase in liver protein synthesis.
. Fi
R Peripherally, glucocorticoids antagonize the actions of insulin in skeletal muscle, favoring catabolism and proteclysis to provide substrates for
§ gluconeogenesis and glycogenesis in the liver (Choice E). This effect can manifest as proximal muscle weakness (glucocorticoid myopathy). The
e effect on adipose tissue is mixed, with lipolytic and antilipolytic effects, altered fat distribution (eg, central obesity, hypertrophy of the dorsocervical
i fat pad), and increased appetite and caloric intake. The net effect of gluconecgenesis and insulin antagonism is hyperglycemia
. 12 (Choice A) Long-term glucocorticoid therapy causes atrophy of the adrenal cortex. On abrupt cessation, the delay in resumption of endogenous
13 cortisol production can precipitate acute adrenal insufficiency.
i (Choice B) Glucocorticoids inhibit fibroblast proliferation and collagen formation in the skin. This results in thinning of the skin, impaired wound
» 15 healing, and stria. The connective tissue that supports the capillaries is also thinned, leading to easy bruising.
16
% (Choice D) Glucocorticoids are potent immunosuppressive agents. They increase expression of anti-inflammatory proteins but decrease
= expression of inflammatory proteins and cytokines and induce apoptosis in T cells (transient lymphopenia is common). Circulating neutrophil
= counts may increase in acute glucocorticoid administration due to increased release from bone marrow and "demargination" from peripheral
- tissues.
« 20
. 21 (Choice F) Glucocorticoids decrease bone mass by multiple mechanisms, including decreased gastrointestinal calcium absorption, increasad
. 72 renal calcium excretion, and direct inhibition of ostecblast activity.
23 Educational objective:
. 24 Glucocorticoids are predominantly catabolic, causing muscle weakness, skin thinning, impaired wound healing, osteoporosis, and
25 immunosuppression. However, they also cause increased hepatic synthesis of gluconeogenic and glycogenic proteins to increase glucose
- 26 availability. This, aleng with peripheral antagonism of insulin, contributes to the development of hyperglycemia.
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. 4 A 56-year-old woman comes to the office for follow-up of type 2 diabetes mellitus. She is managing her condition with a healthy diet and regular
. 5 exercise and is on the maximum tolerated dose of metformin. Despite this, the patient's diabetes has been inadequately controlled for the last 6
6 months, with a fasting glucose level of 170 mg/dL and a hemoglobin A1lc of 8.0%. Her past medical history includes hypertension, for which she
. 7 takes lisinopnl and amlodipine. After discussing various medication options, it is decided to initiate pioglitazone therapy. This patient is most likely
. 8 to experience which of the following side effects?
. 9 = ;
= . ) A Agranulocytosis
11 _ ) B. Hepatic injury
e ") C. Hypoglycemia
13 -
. 14 ) D. Lactic acidosis
» 15 / ‘ E. Orthostatic hypotension
16 =
. 17 & F. Weight gain and edema
18
. 14
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=
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A 56-year-old woman comes to the office for follow-up of type 2 diabetes mellitus. She is managing her condition with a healthy diet and regular
exercise and is on the maximum tolerated dose of metformin. Despite this, the patient's diabetes has been inadequately controlled for the last 6
months, with a fasting glucose level of 170 mg/dL and a hemoglobin A1lc of 8.0%. Her past medical history includes hypertension, for which she
takes lisinopnl and amlodipine. After discussing various medication options, it is decided to initiate pioglitazone therapy. This patient is most likely
to experience which of the following side effects?

Agranulocytosis [3%]
Hepatic injury [13%)]
Hypoglycemia [15%]
Lactic acidosis [4%)]

Orthostatic hypotension [3%]

mm oo »

Weight gain and edema [59%]
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12

= TZD activates PPAR-y PPAR-y/RXR complex binds DNA
. 14
« 15 l

in Effects
. 17 + 1 Fatty acid uptake

18 * 1 Adiponectin production

"51 = 1 Insulin sensitivity (muscle, liver)

. 18 + | TNF-a production
. 20 + | Leptin production
21 PPAR-y = peroxisome proliferator-activated receptor gamma;
. 27 RXR = retinoid X receptor; TZD = thiazolidinedione.

23 © UWorld
. 24 Thiazolidinedicnes (TZDs) exert their glucose-lowering effect by reducing insulin resistance, an effect achieved by binding to peroxisome
. 25 proliferator-activated receptor-gamma (PPAR-y). Because the glucose-lowering effect of TZDs requires an alteration in gene transcription and
. 26 protein synthesis, a meaningful reduction in glucose levels takes days to weeks after commencing TZD therapy.
27

I
(]
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= retinoid X receptor; T2D = thiazolidinedione. A
©UWaorld

Thiazolidinediones (TZDs) exert their glucose-lowering effect by reducing insulin resistance, an effect achieved by binding to peroxisome
proliferator-activated receptor-gamma (PPAR-y). Because the glucose-lowering effect of TZDs requires an alteration in gene transcription and
protein synthesis, a meaningful reduction in glucose levels takes days to weeks after commencing TZD therapy.

The main side effect of TZDs is fluid retention due to increased sodium reabsorption in the renal collecting tubules. This can lead to water weight
gain, peripheral edema, and decompensation of underlying congestive heart failure. Fluid retention is often worse when TZDs are given in
combination with insulin. TZDs also cause adipose weight gain, likely due to a combination of increased fat storage in adipocytes and an
increased number of adipocyies in subcutaneous fissue.

(Choice A) Agranulocytosis is a rare complication of sulfonylurea therapy but is not a significant risk with TZDs.

(Choice B) Hepatic toxicity has been associated with an older TZD, troglitazone, which is no longer available. The current TZDs. pioglitazone
and rosiglitazone, do not have a significant risk of hepatotoxicity.

(Choice C) The primary effect of TZDs is to increase insulin sensitivity rather than increase insulin secretion. As a result, TZDs have a very low
risk of hypoglycemia. However, they can increase the nsk of hypoglycemia if used in combination with insulin or sulfonylureas.

(Choice D) Lactic acidosis is a potential side effect of metformin therapy. However, it is uncommeon when used in young patients with normal
renal, hepatic, and cardiac function.

(Choice E) Orthostatic hypotension is accasionally seen with insulin therapy, though the mechanism is not clear. TZDs do not commonly cause
arthostatic hypotension.

Educational objective:
Fluid retention, with resultant weight gain and edema, is a common side effect of thiazolidinedione therapy. This excess fluid can exacerbate

underlying congestive heart failure.
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A 60-year-old man was diagnosed with type 2 diabetes mellitus 6 years ago. His current freatment regimen includes a long-acting subcutaneous
no2 insulin injection once a day. Review of his home glucose measurements shows that his postprandial glucose levels are too high. Which of the
’ i: following types of insulin would be most appropriate to administer before each meal?

. 15 ) A Regular insulin
18 LT, : _
— w B. NPH insulin
18 : C. Insulin aspart
il ") D. Insulin glargine
. 20 =
71 E. Insulin detemir
. 22
23
« 25
26
o 27
28
. 24
=5 ]
. 31
. 32
33
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& A 60-year-old man was diagnosed with type 2 diabetes mellitus 6 years ago. His current freatment regimen includes a long-acting subcutaneous
’ insulin injection once a day. Review of his home glucose measurements shows that his postprandial glucose levels are too high. Which of the
. 13 ; : : : i

following types of insulin would be most appropriate to administer before each meal?

.« 14
.« 15 A Regular insulin [17%]

16 _ )

i B. NPH insulin [11%]

18 v C. Insulin aspart [61%]
. 19 . :

D.  Insulin glargine [7%]

. 20

71 E. Insulin detemir [2%]
. 22

23
. 24 PRI

S S ||| 61% 4 Seconds 01/23/2019
) Correct answwer Answered cormecily Time Spent Last Updated

26 c
o 27

28 :

Explanation

» 29
. 31 -

5 Insulin types

33 |

Block Time Remaining: 00:01:58 @ el 1
Feedback Suspend End Block

228 PM
211272019 E-?

)



— Item 30 of 36 v <] > ? Al =2 &

= Question Id: 850 Previous  MNext Tutorial Lab Values Notes Calculator  Reverse Color
12
13 Insulin types
14
15 |
: | | |
17
18 Basal Basal Postprandial
19 long-acting intermediate-acting short-acting
20
21
22
= Glargine, NPH Regular Lispro,
24 Detemir Aspart,
25 Twice daily Peak (2-5 hrs) Glulisine
2% Once daily Best for IV use
e (diabetic ketoacidosis) Peak (0.5-3 hrs)
5 Best option
for postmeal
il hyperglycemia
o] Bt
- 31 Insulin therapy has improved tremendously over the past decade. Although short-acting regular human insulin manufactured by recombinant DNA
3z technology is pure, its delayed peak time is problematic. It starts working 30 minutes after subcutaneous injection, with peak effects occurring
33 between 2-4 hours. Unfortunately, the peak effect of regular insulin occurs after the postprandial peak in blood glucose concentration. This
mismatch between the insulin and glucose peaks generally leads to inadequate control of glucose following meals.
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. 12 Insulin therapy has improved tremendously over the past decade. Although short-acting regular human insulin manufactured by recombinant DNA
. 13 technology is pure, its delayed peak time is problematic. It starts working 30 minutes after subcutaneous injection, with peak effects occurring
o 14 between 2-4 hours. Unfortunately, the peak effect of regular insulin occurs after the postprandial peak in blood glucose concentration. This
. 15 mismatch between the insulin and glucose peaks generally leads to inadequate control of glucose following meals.
18 The delayed onset in the action of reguiar insulin is due to dimer and hexamer formation. Dimers and hexamers take time to disassociate after
S injection, causing some absorption delay. Rapid-acting insulins were produced to overcome this problem. These monomeric insulins (eg, lispro,
18 aspart, and glulisine} have significantly improved posiprandial insulin therapy. Their onset of action is under 15 minutes and peaks between 45-75
. 19 minutes, a pattern that closely mimics the endogenous postprandial insulin response of normal individuals.
- 20 (Choice B) NPH (neutral protamine Hagedorn) insulin is an intermediate-acting insulin. It is a crystalline suspension of insulin with protamine and
s zinc, which prolongs the duration of action by delaying the absarption of insulin from the subcutaneous injection site. NPH usually starts working
oL within 2 hours, peaks in 4-12 hours, and lasts about 18 hours.
23
=5 (Choice D) Insulin glargine is a long-acting insulin analog. After injection, it precipitates in the subcutaneous tissue, allowing for very slow
55 absorption. This insulin does not have a peak, and its action lasts up to 24 hours.
26 (Choice E) Detemir is a long-acting insulin analogue with a fatty acid bound to 1 of the lysine amino acids on the insulin molecule. This fatty acid
o 27 side chain allows detemir fo bind to albumin and slowly dissociate afterward, resulting in prolonged action. It usually starts working within 2 hours,
28 peaks between 3-9 hours, and lasts around 24 hours.
- 29 Educational objective:
“ Diabetic patients often need 2 types of insulin, a basal long-acting insulin and a postprandial short-acting insulin. The best basal long-acting
« 31 insulins are glargine and detemir insulin (administered as once-a-day shots). NPH is good for about 18 hours (shots given twice a day). The best
. 32 short-acting insulins are lispro, aspart, and glulisine {shots given 3 times a day with meals). They have a very rapid onset of action with peak
33 effects coinciding with peak postprandial hyperglycemia.
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& A 5B-year-old man is seen for follow-up of type 2 diabetes mellitus. He has had inadequate control despite treatment with maximum tolerated
’ doses of metformin and glimepinde. The patient's most recent test results include a fasting glucose of 165 ma/dL and hemoglobin Alc of 8.1%.
After discussing options for additional therapy, it is decided to add pioglitazone to his medication regimen. After 4 days of taking this medication,
-4 the patient calls to report that his glucose levels have not noticeably improved since adding pioglitazone, and he asks whether a higher dose or
il different medication will be needed. Which of the following mechanisms explains the delay in onset of action of this medication?
16
- 17 ’ A Decreased glucose absorption
18
6 _ ) B. Enzyme inactivation
. 20 () C. Increased hormone secretion
i ) D. Receptor downregulation
. 22 B
23 / ‘ E. Transcription modulation
. 24
« 25
2 | Submit
.« 27
28
. 24
« 30
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A b6-year-old man is seen for follow-up of type 2 diabetes mellitus. He has had inadequate control despite treatment with maximum tolerated
doses of metformin and glimepiride. The patient's most recent test results include a fasting glucose of 165 mg/dL and hemoglobin Alc of 8.1%.
After discussing options for additional therapy, it is decided to add pioglitazone to his medication regimen. After 4 days of taking this medication,
the patient calls to report that his glucose levels have not noticeably improved since adding pioglitazone, and he asks whether a higher dose or
different medication will be needed. Which of the following mechanisms explains the delay in onset of action of this medication?

Decreased glucose absorption [1%]
Enzyme inactivation [2%]
Increased hormone secretion [2%]

Receptor downregulation [17%]

m o o =3 @

Transcription madulation [75%]

Omitted
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Thiazolidinedione mechanism of action
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11 Thiazolidinedione mechanism of action

I
iR

e (U M

Nucleus
Cell membrane

‘TZD activates PPAR-y
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Question Id: 603

ok TZD activates PPAR-y . PPAR-y/RXR complex binds DNA
21
. 22
o D Effects
.« 24 * 1 Fatty acid uptake
25 | * t Adiponectin production
’ '\1 » 1 Insulin sensitivity (muscle, liver)
26 + | TNF-a production
@ B + | Leptin production
28 PPAR-y = peroxisome proliferator-activated receptor gamma;
. 20 RXR = retinoid X receptor; TZD = thiazolidinedione.
® UwWorld
. 30

Thiazolidinediones (TZDs) exert their glucose-lowering effect by reducing insulin resistance. They do this by binding fo peroxisome
proliferator-activated receptor-y (FPAR-y), a transcriptional regulator of genes involved in glucose and lipid metabolism. TZDs induce a
conformational change in PPAR-y, which subsequently binds additional cofactors. This complex then binds to the transcriptional regulatory

sequence of the target genes. Important genes that are upregulated by TZDs include:
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11

12 Thiazolidinediones (TZDs) exert their glucose-lowering effect by reducing insulin resistance. They do this by binding to peroxisome

i3 proliferator-activated receptor-y (FPAR-y), a transcriptional regulator of genes involved in glucose and lipid metabolism. TZDs induce a

55 conformational change in PPAR-y, which subsequently binds additional cofactors. This complex then binds to the transcriptional regulatory

i sequence of the target genes. Important genes that are upregulated by TZDs include:

16 + Glucose transporter-4 (GLUTY), an insulin-responsive transmembrane glucose transporter expressed in adipocytes and skeletal myocytes
. 17 that increases glucose uptake by target cells

18 « Adiponectin, a cytokine secreted by fat tissue that increases the number of insulin-responsive adipocytes and regulates fatty acid oxidation
. 19 Because the glucose-lowering effect of TZDs requires alterations in gene transcription and protein synthesis, it takes several days to a few
- 20 weeks after commencing TZD therapy to observe a significant reduction in glucose levels.

21

5 (Choice A) Alpha-glucosidase inhibitors (eg, acarbose, miglitol) decrease the enzyme activity of disaccharidases found on the plasma
' P membranes of the intestinal brush border. This decreases absorption of carbohydrates and reduces post-prandial hyperglycemia.
. 24 (Choice B) Metformin functions in part by acting as a noncompetitive inhibitor of mitochondrial glycerol-3-phosphate dehydrogenase, an enzyme
. 375 important for maintaining the hepatocellular redox state. Inhibition of this enzyme causes a significant reduction in hepatic glucose production.

26 (Choice C) Sulfonylureas increase insulin release from the pancreatic beta cells.
.« 27

= (Choice D) High-dose insulin therapy sometimes causes receptor downregulation through accelerated degradation of the insulin receptor.

55 Receptor downregulation can contribute to insulin resistance.
. 30 Educational objective:

Thiazolidinediones decrease insulin resistance by binding to peroxisome proliferator-activated receptor-y, a transcrptional regulator of genes
involved in glucose and lipid metabolism. Because the medication is dependent on alteration of gene expression and subsequent protein
23 synthesis, there can be a delay in action of several days to a few weeks.
Copyright 8 U'World. All rights reserved
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& A 64-year-old man comes to the physician complaining of a 6-month history of difficulty urinating with frequent straining and drbbling. His
’ symptoms have increased over time and affect his quality of life significantly. The physician proceeds with drug therapy, which gives the patient
= moderate symptomatic relief. However, he also notices an increase in hair growth over his scalp. Which of the following is the best description of
-4 this drug’s mechanism of action?
. 15
16 f, A Decreased Leydig cell stimulation by LH
i ¥
i () B. Decreased Leydig cell androgen synthesis
. 19 _" C. Decreased pernipheral androgen aromatization
- 20 ’, D Decreased peripheral androgen 5-alpha-reduction
54
. 22 _f, E. Impaired androgen-receptor interaction
23 () F Impaired second messenger action
. 24 )
« 25
2|
o 27
28
. 24
. 30
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11

& A 64-year-old man comes to the physician complaining of a 6-month history of difficulty urinating with frequent straining and drbbling. His
’ symptoms have increased over time and affect his quality of life significantly. The physician proceeds with drug therapy, which gives the patient

moderate symptomatic relief. However, he also notices an increase in hair growth over his scalp. Which of the following is the best description of

-4 this drug’s mechanism of action?
. 15

18 A Decreased Leydig cell stimulation by LH [1%]
S

i B. Decreased Leydig cell androgen synthesis [2%)]
. 19 C. Decreased peripheral androgen aromatization [7%]
- 20 v D Decreased peripheral androgen 5-alpha-reduction [82%)]

21
. 22 E. Impaired androgen-receptor interaction [5%]

i F  Impaired second messenger action [1%]
. 24
« 25

26 )
5 B s ||y 82% 4 Seconds 12/28/2018

28 gorrec‘c AL Answerad correctly Time Spent Last Updated
. 24
. 30

Explanation
Hypothalamus
Gn-RH release
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- 11 Hypothalamus
Gn-RH release

- 12 e
. 13 /Gn-RH agonists
. 14
« 15 V

16 Anterior pituitary
: LH synthesis
. 17 ]
. 18
. 19

Ketoconazole

. 20 Leydig cells

o Testosterone synthesis
. 22
. 23
- 24
. 25 Penpheral conversion of

26 Spironolactone testosterone to DHT
- Nﬁtaﬂda
0
. 29

20 Androgen hormone-receplior
: complex on target cells
.3 Flutamide

B e

o Finasteride is an anti-androgen that inhibits the action of b-alpha-reductase. This enzyme is responsible for peripheral conversion of testosterone
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. 12 Finasteride is an anti-androgen that inhibits the action of 5-alpha-reductase. This enzyme is responsible for peripheral conversion of testosterone
. 13 to its active metabolite, dihydrotestosterone (DHT). DHT has a much higher affinity for the testosterone receptor and mediates the majority of
. 14 testosterone effects, including development of male external genitalia and prostate enlargement. Finasteride counteracts these effects of DHT
. 15 and is used for treatment of benign prostatic hyperplasia (BPH).
18 Patients with androgenetic alopecia have higher levels of 5-alpha-reductase and a higher quantity of androgen receptors. Thus. reducing the 5-
S alpha-reductase level with finasteride is also useful for treating androgenetic alopecia.
18 . . . . . : . . . N
(Choice A) Decreased Leydig cell stimulation by LH occurs during treatment with GnRH agonists (leuprolide, goserelin, nafarelin, and histrelin).
. 19 ! i : e
Finasteride does not affect LH synthesis by the anterior pituitary.
. 20
21 (Choice B) Ketoconazole is a weak anti-androgen that decreases synthesis of testosterone in the Leydig cells of the testes. It also inhibits
. 22 steroid hormone production by the adrenals.
23 (Choice C) Decreased peripheral androgen aromatization occurs with anastrozole, an aromatase inhibitor that selectively blocks estrogen
« 24 production. Anastrozole is an effective treatment for postmenopausal women with breast cancer. In these women, the greatest source of
« 25 estrogen is the conversion of androstenedione, produced in the adrenal glands, to estrone through aromatization in liver, muscle, and fat.
26 : ; ; : : s : :
(Choice E) The interaction of testosterone and DHT with their receptors is inhibited by flutamide, cyproterone acetate, and spironolactone.
ol Flutamide is used to treat metastatic prostate cancer, but not BPH due to its significant antiandrogenic side effects.
28
. 20 (Choice F) Finasteride does not affect second messenger action.
« 30 Educational objective:

Finasteride is a 5-alpha-reductase inhibitor that suppresses peripheral conversion of testosterone to dihydrotestosterone. 1t is used for treatment
of benign prostatic hyperplasia and androgenetic alopecia.

Copyright @ UWorld. All ights reserved
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. i; A 68-year-old man reports myalgia and fatigue during a follow-up office visit. The patient has been taking high-intensity statin therapy since he
had an acute myocardial infarction several weeks ago. His other medical problems include hypertension and type 2 diabetes mellitus. On

= examination, there is mild generalized muscle tenderness. Serum creatine kinase level is 456 U/L. Vitamin D and TSH levels are within normal
-4 range. The patient's statin therapy is discontinued, and he is started on a medication that inhibits cholesterol absorption at the brush border of the
il small intestine. Which of the following drugs was most likely started in this patient?

16
. 17 :j"-':; A Colesevelam

18 o

B. Ezetimibe

. 19 =
. 20 -::_'j: C. Fenofibrate

Ha ") D. Nicotinic acid
. 22 _

23 A8 ‘ E. PCSKS inhibitor
. 24
« 25

2 | submit |
o 27

28
. 24
. 30
. 31
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- 14
C
16
« 17
18
- 19
. 20
21
. 22
23
- 24
« 25
26
. 27
28
. 29
. 30
- 31
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A 68-year-old man reports myalgia and fatigue during a follow-up office visit. The patient has been taking high-intensity statin therapy since he
had an acute myocardial infarction several weeks ago. His other medical problems include hypertension and type 2 diabetes mellitus. On
examination, there is mild generalized muscle tenderness. Serum creatine kinase level is 456 U/L. Vitamin D and TSH levels are within normal
range. The patient's statin therapy is discontinued, and he is started on a medication that inhibits cholesterol absorption at the brush border of the
small intestine. Which of the following drugs was most likely started in this patient?

A Colesevelam [9%]
v B. Ezetimibe [77%]

C. Fenofibrate [109]

D.  Nicotinic acid [1%]

E. PCSK9 inhibitor [2%)]
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Explanation

Ezetimibe mechanism of action
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Ezetimibe mechanism of action
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- 11
12 NPC1L1
. 13 I /
« 14 .
. 15 \
. 16 |
. 17 IJ |
. 18 e ~—
. 19 Ezetimibe ©
. 20 .
. Intestinal lumen
. 22
2 Cholesterol
i ©UWorld
il e Cholesterol-lowering agents commonly work in 1 of 3 ways:
26
. 27 « Decreasing hepatic cholesterol synthesis
28 = Decreasing intestinal cholesteraol absorption
. 20 = Altering cholesterol transport between the blood and tissues
. 30 Ezetimibe decreases intestinal absorption of cholesterol by inhibiting the Niemann-Pick C1-like 1 (NPC1L1) transporter protein, which
« 31 franspaorts dietary cholesterol from the gastrointestinal lumen into intestinal enterocytes. As a result, the total amount of dietary cholesterol
. 32 reaching the liver decreases, lowering intrahepatocyte cholesterol levels. To compensate, the liver increases LDL receptor expression, which
“ draws cholesterol out of the circulation.
34 _ A e o Z i : 3 i ¥ 2 s 5 -
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B = Decreasing hepatic cholesterol synthesis
’ « Decreasing intestinal cholesterol absorption
13 5 .
« Altering cholesterol tfransport between the blood and tissues
« 14
. 15 Ezetimibe decreases intestinal absorption of cholesteral by inhibiting the Niemann-Pick C1-like 1 (NPC1L1) transporter protein, which
16 fransports dietary cholesterol from the gastrointestinal lumen into intestinal enterocytes. As a result, the total amount of dietary cholesterol
. 17 reaching the liver decreases, lowering intrahepatocyte cholesterol levels. To compensate, the liver increases LDL receptor expression, which
% draws cholesterol out of the circulation.
.« 19 (Choice A) Bile acid sequestrants (eg, colesevelam) bind bile salts in the intestine, decreasing their reabsorption. Subsequent depletion of the
. 20 bile acid pool causes upregulation of cholesterol 7-a-hydroxylase, which converts cholesterol into bile acids.
Hia (Choice C) Fibrates activate peroxisome proliferator-activated receptor-alpha transcription factors, which leads to stimulation of lipoprotein lipase
- 22 activity and a decrease in triglyceride levels.
23
. o4 (Choice D) Nicotinic acid inhibits hepatic triglyceride synthesis, which in turn reduces the liver's availability to synthesize VLDL particles that are
S subsequently metabolized into LDL in the circulation.
26 (Choice E) Proprotein convertase subtilisin kexin 9 (PC5K8) increases degradation of hepatic LDL receptors. Alirocumab is a monoclonal
w27 antibody against PCSKS that blocks this effect, resulting in increased availability of LDL receptors on hepatocyte membranes and subsequently
28 increased clearance of LDL from the blood.
il Educational objective:
s Ezetimibe reduces intestinal absarption of cholesterol. As a result, the amount of dietary cholesterol reaching the liver decreases. To
O compensate, the liver increases LDL receptor expression, which draws cholesterol out of the circulation.
References
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Antihyperlipidemic medications

Drug Mechanism Major lipid effects Side effects
Statine Inhibit HWG-CoA « ||LDL Hepatotoxicity
reductase « | Triglycerides Muscle toxicity
| Intestinal —
Ezetimibe chaolesteral « | LDL T_Hepatqto;ucﬂ_y it
. given with statins
absorption
MNausea, bloating,
Prevent cramping
Bile acid reabsorption of bile LDL Impaired
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= Decreasing hepatic cholesterol synthesis
= Decreasing intestinal cholesterol absorpiion
= Altering cholesterol transport between the blood and tissues
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= Decreasing hepatic cholesterol synthesis

= Decreasing intestinal cholesterol absorpiion

= Altering cholesterol transport between the blood and tissues
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¥
& A 35-year-old woman comes to the emergency department due to a "racing heart” and shortness of breath. She has had insomnia and increasing

anxiety for the past several weeks. The patient has no prior medical problems and takes no medications. She has no drug allergies and does not
i use tobacco, alcohol, or illicit drugs. Blood pressure is 140/70 mm Hg and pulse is 120/min. Physical examination shows a diffusely enlarged,
14 warm thyroid gland. There is a fine tremor in her outstretched hands. ECG shows sinus tachycardia. Serum TSH is decreased and free thyroxine
i (T4} is increased. The patient is treated with multiple drugs, including propranoclol. In addition to its beta-adrenergic receptor-blocking activity, this
i drug is likely to decrease which of the following?
17
18 " , A Binding of triicdothyronine (T3) to its receptors
19 — ) :

() B. New thyroid hormone synthesis

20 :
71 \_‘ C. Peripheral conversion of T4 to T3
- ") D. Release of T4 by the thyroid gland
23 )
24 ', E. Serum levels of TSH receptor antibodies
25
26
27 | submit |
28
29
30
31
3z
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A 35-year-old woman comes to the emergency department due to a "racing heart” and shortness of breath. She has had insomnia and increasing
anxiety for the past several weeks. The patient has no prior medical problems and takes no medications. She has no drug allergies and does not
use tobacco, alcohol, or illicit drugs. Blood pressure is 140/70 mm Hg and pulse is 120/min. Physical examination shows a diffusely enlarged,
warm thyroid gland. There is a fine tremor in her outstretched hands. ECG shows sinus tachycardia. Serum TSH is decreased and free thyroxine
(T4} is increased. The patient is treated with multiple drugs, including propranoclol. In addition to its beta-adrenergic receptor-blocking activity, this
drug is likely to decrease which of the following?

Binding of triicdothyronine (T3) to its receptors [11%]
Mew thyroid hormone synthesis [7%]
Peripheral conversion of T4 to T3 [69%)]

Release of T4 by the thyroid gland [9%]

3
m: & 0 m

Serum levels of TSH receptor antibodies [1%]
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o Sodium-iodide
symporter L
1" Na* 1» Thyroid
15 - : peroxidase
16 Propylthiouracil A
Beta blockers Thicamides
17 _—
Ipodate (contrast agent) Propylthiouracil
18 Methimazole
-
o lodide
21 e /—
2 T4
23 i T3
Secretion ! i
24 Digestion
25
26
27
28 @ UWorld
i This patient has primary hyperthyroidism with an elevated thyroxine (T4) and suppressed TSH level In light of her diffuse goiter, this is likely
b due to Graves disease. Hyperthyroidism causes upregulation of beta-adrenergic receptor expression, leading to increased catecholamine effect
31 manifesting as hypertension, palpitations/tachycardia, heat intolerance, tremor, and hyperreflexia.
3z
Beta blockers (eg, propranclol) are used to blunt the adrenergic manifestations of hyperthyroidism while awaiting definitive management (eg,
surgery, radioiodine). [n addition, lipid-soluble beta blockers (including propranolol) reduce conversion of T4 fo trilodothyronine (T3}, the more
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- 13 T3 = triivdothyronine; T4 = lhyxine. ©UwWorld
Lo This patient has primary hyperthyreidism with an elevated thyroxine (T4) and suppressed TSH level  In light of her diffuse goiter, this is likely
+ 15 due to Graves disease. Hyperthyroidism causes upregulation of beta-adrenergic receptor expression, leading to increased catecholamine effect
18 manifesting as hypertension, palpitations/tachycardia, heat intolerance, tremor, and hyperreflexia.
i ¥
i Beta blockers (eg, propranclol) are used to blunt the adrenergic manifestations of hyperthyroidism while awaiting definitive management (eg,
6 surgery, radioioding). In addition, lipid-soluble beta blockers (including propranclol) reduce conversion of T4 to triiodothyronine (T3), the more
’ active form of thyroid hormone, by inhibiting 5'-monodeiocdinase in peripheral tissues. Peripheral conversion of T4 to T3 is also decreased by
- glucocorticoids and propylthiouracil.
21
. 22 (Choice A) The thyroid hormone receptor functions as a transcriptional modulator of several thyroid hormone—responsive genes. It is an
23 intranuclear protein, and binding is not affected by beta blockers.
- 24 (Choices B and D) Thionamides (eg, propylthiouracil, methimazole) decrease thyroid hormone synthesis by inhibiting thyroid peroxidase. lodine
« 25 inhibits release of T4 and T3 from the thyroid. However, beta blockers do not alter thyroid hormone synthesis or release.
26
(Choice E) Graves disease is caused by autoantibodies that bind and stimulate the TSH receptor. Glucocorticoids and other immunosuppressive
- agents can decrease production of these antibodies, but beta blockers do not affect serum levels of TSH receptor antibodies.
28
. g Educational objective:
. 20 Hyperthyroidism causes upregulation of beta-adrenergic receptor expression, leading to increased catecholamine effect. Beta blockers are used
. a1 fo blunt the adrenergic manifestations of hyperthyroidism. In addition, lipid-scluble beta blockers reduce conversion of T4 to T3 by inhibiting 5'-
. P monodeiodinase in peripheral tissues.

Copyright © L'World. All rights reserved
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¥
& A 5B-year-old man with type 2 diabetes mellitus comes to the office for a follow-up appointment. He has been treated with multiple medications in
’ the past but discontinued them due to side effects. The patient stopped taking his most recent medication 6 weeks ago and is currently not taking
any antidiabetic therapy. Serum glucese is 150 mg/dL and hemoeglobin Alcis 8.0%. After further discussion of medication options, the patient
-4 decides to take pioglitazone. Which of the following is the most likely biochemical target of this medication?
. 15
16 () A Intracellular mitochondrial enzyme
i ¥
i () B. Intracellular nuclear receptor
« 19 _" C. Membrane ion channel
- 20 ’ ) D. Surface adenylate cyclase-coupled receptor
54
. () ESurface membrane-bound enzyme
23 () F. Surface tyrosine kinase receptor
. 24
« 25
2|
o 27
28
» 29
. 30
. 31
. 32
33
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& A b6-year-old man with type 2 diabetes mellitus comes to the office for a follow-up appointment. He has been treated with multiple medications in
’ the past but discontinued them due to side effects. The patient stopped taking his most recent medication 6 weeks ago and is currently not taking
= any antidiabetic therapy. Serum glucese is 150 mg/dL and hemoeglobin Alcis 8.0%. After further discussion of medication options, the patient
-4 decides to take pioglitazone. Which of the following is the most likely biochemical target of this medication?
. 15
18 A Intracellular mitochondrial enzyme [2%]
S
i v B. Intracellular nuclear receptor [69%]
. 19 C. Membrane ion channel [79]
- D.  Surface adenylate cyclase-coupled receptor [5%)]
21
. 22 E. Surface membrane-bound enzyme [4%]
i F Surface tyrosine kinase receptor [9%]
. 24
« 25
26 }
. 27 Ll |y 69% 3 Seconds 10/11/2018
o ;O"EH AL Answered comrectly Time Spent Last Updated
. 24
. 30
. 31 Explanation
. 32
. Thiazolidinedione mechanism of action
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Thiazolidinedione mechanism of action

i
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Cell membrane

TZD activates PPAR-y PPAR-y/RXR complex binds DNA
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TZD activates PPAR-y : PPAR-y/RXR complex binds DNA

Effects
* 1 Fatty acid uptake
* 1 Adiponectin production
--'T.’I + 1 Insulin sensitivity (muscle, liver)
* | TNF-a preduction
+ | Leptin production

PPAR-y = peroxisome proliferator-activated receptor gamma;
RXR = retinoid X receptor; TZD = thiazolidinedione.

®UWorld
Thiazolidinediones (TZDs) (eg, pioglitazone) exert their glucose-lowering effect by improving insulin sensitivity. TZDs bind to peroxisome
proliferator-activated receptor-gamma (PPAR-y). causing it to form a heterodimer complex with the retincid X receptor. This complex then binds to
transcriptional regulatory sequences of various genes responsible for glucose and lipid metabolism, altering their expression.

One of the most imporiant genes regulated by PPAR-y is one that codes for adiponectin, a cytokine secreted by fat tissue that enhances insulin
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11 proliferator-activated receptor-gamma (PPAR-y), causing it to form a heterodimer complex with the retinoid X receptor. This complex then binds to
.« 12 transcriptional regulatory sequences of various genes responsible for glucose and lipid metabolism, altering their expression.
. 13
% One of the most important genes regulated by PPAR-y is one that codes for adiponectin, a cytokine secreted by fat tissue that enhances insulin
: A sensitivity and fatty acid oxidization. Adiponectin levels are low in ocbese patients and those with type 2 diabetes. Treatment with TZDs increases
’ adiponectin levels, improving insulin sensitivity.
16
. 17 (Choices A and E) Enzyme inactivation is an important mechanism of action for metformin and alpha-glucasidase inhibitors (eg, acarbose,
18 miglital). Metformin inhibits mitochondrial glycerophosphate dehydrogenase, reducing hepatic gluconeogenesis. Alpha-glucosidase inhibitors
. 10 decrease the activity of the membrane-bound disaccharidases on the intestinal brush border, reducing carbohydrate absorption.
« 20 (Choice C) Sulfonylureas and meglitinides bind to the regulatory subunits of the ATP-dependent potassium channel on pancreatic beta cells,
21 causing membrane depolarization and influx of calcium. High intracellular calcium levels within beta cells then trigger insulin release by
« 22 exocytosis.
23 : : 3 : : : . : ;
(Choice D) Glucagon-like polypeptide-1 (GLP-1) is secreted by intestinal L cells in respanse to food intake; it decreases blood glucose by
- inducing satiety, decreasing gastric emptying, and increasing insulin release from pancreatic beta cells. GLP-1 acts through cell surface receptors
il coupled with the G protein-adenyl cyclase system. Long-acting GLP-1 agonists (eg, exenatide, liraglutide) are used for treatment of type 2
25 diabetes.
w27
o (Choice F) Insulin acts by binding to a cell-surface receptor on target cells. The receptor for insulin is a tetrameric structure consisting of 2 alpha
55 and 2 beta subunits. The alpha subunits are located extracellularly and provide binding sites for insulin; the membrane-spanning beta subunits
o contain the intracellular tyrosine kinase domains.
. 31 Educational objective:
. 32 Thiazolidinediones bind to peroxisome proliferator-activated receptor-gamma (PPAR-y), an intracellular nuclear receptor that acts as a
23 transcriptional regulator of many genes involved in glucose and lipid metabolism.
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& A 43-year-old woman volunteers for a clinical trial testing a new medication for type 2 diabetes mellitus. She has had diabetes for 5 years, and her
’ blood sugar has recently been uncontrolled despite maximum tolerated doses of metformin. The subject's past medical history is otherwise
unremarkable, and she is taking no concurrent medications that would disqualify her from enrolling in the trial. Inttial laboratory studies show a
-4 fasting glucose of 155 mg/dL and hemoglobin Alc of 5 2%. A urine pregnancy test is negative, and her other screening tests are normal. The
il new drug activates peroxisome-proliferator activated receptor-y, a nuclear receptor and transcription factor. Activation of this receptor would most
i likely result in which of the following?
. 17
18 ', A Decreased insulin resistance
. 19 ] . i
() B. Downregulation of adiponectin
.« 20
21 \_ C. Increased free fatty acid levels
- 22 ;"_'__'\: D. Increased insulin release
23 -
. o4 ’ ) E. Upregulation of leptin activity
« 25
. 26
28
. 24
« 30
. 31
. 32
23
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& A 43-year-old woman volunteers for a clinical trial testing a new medication for type 2 diabetes mellitus. She has had diabetes for 5 years, and her
’ blood sugar has recently been uncontrolled despite maximum tolerated doses of metformin. The subject's past medical history is otherwise

unremarkable, and she is taking no concurrent medications that would disqualify her from enrolling in the trial. Inttial laboratory studies show a

-4 fasting glucose of 155 mg/dL and hemoglobin Alc of 5 2%. A urine pregnancy test is negative, and her other screening tests are normal. The
il new drug activates peroxisome-proliferator activated receptor-y, a nuclear receptor and transcription factor. Activation of this receptor would most

i likely result in which of the following?
. 17

18 v A Decreased insulin resistance [67%]
. 19

i B. Downregulation of adiponectin [6%]

21 C. Increased free fatty acid levels [6%]
- 2 D. Increased insulin release [14%]

23
o DA E. Upregulation of leptin activity [4%]
« 25

26
o 27 Omitted ;

e, ||| 67% 4 Seconds 10/11/2018
28 Correct answer Answered correcily Time Spent Last Updated
A

. 24
« 30
= =8 Explanation
. 32
. 33
. 24 Thiazolidinedione mechanism of action -
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Thiazolidinedione mechanism of action
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‘TZD activates PPAR-y
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r TZD activates PPAR-y PPAR-y/RXR complex binds DNA
. 22

23 Effects
. 24 » 1 Fatty acid uptake
« 25 + 1+ Adiponectin production

= ‘iq.l « 1 Insulin sensitivity (muscle, liver)

. * | TNF-a production

. 27 + | Leptin production

28 PPAR-y = peroxisome proliferator-activated receptor gamma;
. 20 RXR = retinoid X receptor; TZD = thiazolidinedione.
. 30 ®UWorld
« 31 This clinical trial is studying a new thiazolidinedione (TZD), a class of medications that decrease insulin resistance. TZDs (eg, pioglitazone) bind
. 12 to peroxisome-proliferator activated receptaor-y (PPAR-y), a transcriptional regulator of genes involved in glucose and lipid metabolism, which

33 subsequently binds additional coactivators. This complex then activates the transcriptional regulatory sequence of the target genes. Important
. 134 genes upregulated by TZDs include: -
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11 This clinical trial is studying a new thiazolidinedione (TZD), a class of medications that decrease insulin resistance. TZDs (eg, pioglitazone) bind =
.12 to peroxisome-proliferator activated receptor-y (PPAR-y), a transcriptional regulator of genes involved in glucose and lipid metabolism, which
s subsequently binds additional coactivators. This complex then activates the transcriptional regulatory sequence of the target genes. Important
5 genes upregulated by TZDs include:
« 15 « Glucose transporter-4 (GLUT4), an insulin-responsive transmembrane glucose transporter expressed in adipocytes and skeletal myocytes
16 that increases glucose uptake by target cells
o 17 « Adiponectin_a cytokine secreted by fat tissue that increases the number of insulin-responsive adipocytes and stimulates fatty acid
18 oxidation (Choice B)
s = TZDs are functionally similar to fibrate medications (eg, fenofibrate, gemfibrozil), which bind PPAR-a and have a strong effect in lowenng blood
- 20 triglycende levels. The PPAR family appears to play a significant role in the pathogenesis of metabolic syndrome (obesity, hypertension,
21 dyslipidemia, and insulin resistance).
. 22
o (Choice C) PPAR-y activation leads to an increase in fat mass secondary to the increased differentiation of preadipocytes into mature
%5 adipocytes. The increased movement of free fatty acids into fat cells, along with increased fatty acid oxidation (adiponectin effect), causes
’ circulating free fatty acids levels to decrease.
. 25
76 (Choice D) TZDs do not directly alter insulin secretion; however, as insulin resistance diminishes, circulating levels of insulin tend to decrease
. 27 over time.
28 (Choice E) Leptin is a hormone secreted by fat cells that acts on the hypothalamus to decrease appetite. Although PPAR-y activation increases
- 29 fat cell mass, circulating leptin levels remain unchanged or decrease due to the inhibiting effect of PPAR-y on leptin gene transcription.
. 30
4 Educational objective:
’ Thiazolidinediones (TZDs) exert their glucose-lowering effect by decreasing insulin resistance. TZDs activate peroxisome-proliferator activated
. 32 i : ; 0 :
receptor-y, 2 nuclear receptor that alters the transcription of genes involved in glucose and lipid metabolism.
23
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